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PREFACE. ' 


Since the appearance in 1897 second edition of Pi of. 

Ame Piclet’s work, La Constitution Chimiquc des Alcaloirles 
Vegetaux,” marked advances have been made in our knowledge 
C )1 the alkaloids 

The chemistry of xanthine, cattcine, theobromine, etc , has 
ittaincd a certain completeness of development in the lecognition 
)f their common relation to purine and in the synthesis of the 
attei The conslilution ot nicotine has been established by its 
.ynthcsis and three new alkaloids have been isolated from the 
obacco-plant (Pictet) Our conceptions legarding the jaboiandi 
ilkaloids have been completely levolutionized The extensive in- 
vestigations of Ladenbiug, Merlmg, and Willstatter have been 
nought to a brilhanti conclusion m the complete synthesis of 
itiopme, atropannne, belladonnine, inactive cocaine, and tropa- 
ocaine Our knowledge regarding the constitution of morphine 
nd codeine has been so far increased that probably withm a 
hort time the synthesis of these two alkaloids will be icalized 

These advances have picclude(J a simple translation ot the 
'rench edition and have necessitated the complete lewriting of 
L‘\1?ral chapters and the levision of the entire \\ork It is believed 
f-iat the piesent English edition laiily sets foith the latest con- 
eptions icgardmg the constitution of the moie important ^eg- 
table alkaloids 

It may be noted that Pi of Pictet’s work on the alkaloids was 
mderccl into German in igoo by Wolftcnstem and that a Russian 
Jition IS in pioccss ot preparation. 

H C Biddle. 


Bcrkeley, CA-LTr,Dec 22, 1903 
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THE VEGETABLE ALKALOIDS. 


INTRODUCTION 

Taken in its etymological sense the word alkaloids may 
serve to designate all organic substances which possess basic 
properties, some authors, indeed, ha\^e thus used the term In 
gencial, however, its application is limiled to those oiganic bases 
which are formed in the oiganism ot the plant. A distinction 
IS in this way drawn between basic compounds which we find 
in nature and those wdiich arc prepaied solely in the laboratoiy 
The alkaloids, then, do not form a well-defined gioup in a rational 
classification of organic compounds, since such a classification 
would be based on chemical constitution and not upon the source 
from which they weie derived 

An attempt was made by Konigs in 1880 to develop a rational 
classification of the bases found in plants Investigations on 
the constitution of these substances showed that, it not all, at leasL^ 
a large numbei of them yielded pyridine as the ultimate productf 
of their decomposition It was natuial, then, to infci that thcy^l 
w'eie derivatives of this base, just as the aromatic compounds 
are derivatives of benzol 

Konigs suggested that the teim alkaloids be reserved for^ 
those naluial bases which are pyiidine deinatives 

The proposal at first met the hearty appioval of chemists, 

It afforded a strictly scientific classification of an important group 
of 01 game substances, and this advantage appeared at the time 
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to afford compensation for the necessity of exckiding from the 
group such bases as caflcme, choline, betaine, sinapme, musca- 
rine, etc , which do not contain the pyridine nucleus 

Through later numerous and important investigations on 
the natural bases, Iiowcver, the number of those which are not 
derivatives of pyridine has been greatly increascil Most im- 
portant among those to which the classification of Konigs would 
deny the name ol alkaloid is morphine, the first substance, 
indeed, which received this name Further investigation ha^ shown, 
moieover, that of the basic deiivatives oi the same plant some 
ma} be derivatives of pyiidine and others not Finally, the 
natuial bases of complicated stiuctuie, whose constitution is not 
yet tully known, appeal to be only in pait derivatives of pyridine 
It seems necessary, therefoie, to return to the original signifi- 
cance ot the word alkaloid and to apply it without distinction 
to all natuial organic bases, whatevei may be then constitution 
We shall then consider that the expressions vrgeialdc alka- 
loids and vegetable bases aic identical in meaning and that they 
include all those substances which are directly obtained liom 
the plant and which aie able to unite with acids to form salts 
The histoiy of alkaloirlal chemistry begins with the eaily 
part of the last centuiy. In 1803 Derosne in Paris obtained 
from opium a crystalline substance which he called opmm-salt, 
and which must ha\e been a mixture of moiphme and naicotine 
The basic properties of this opium-salt he ascribed to an inv 
puiity arising from the alkali used in the purification 

The following year Segiun likewise examined morphine, 
but attached no significance to the observed alkaline leaction 
of his preparation 

The honor of discovering the first vegetable base and of 
recognizing its basic character rests with Serturner, an apothe- 
cary of Hanover Without knowing of the work of Derosne 
and Seguin, he in r8o6 announced that he had obtained from 
opium a cr}'stalline body which was of basic character, united 
with acids to form salts, and in the opium was in combination 
with a special acid. 
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The discoveiy of Sei turner remained at fiist almost unnoticed 
It was at that time believed that plants weic able to produce 
only acids, oi bodies ol ncutial icaction A second publication 
was ic(juiied to attiact the attention of chemists to this new 
subject This publication appealed in 1817 and boic the title 
‘‘ Uebei das Moiphium, einc neue saUlahige Giundlage und 
(lie Mekonsauie als Hauptbcstandthcile dcs Opiums ’’ 

In Ihis ai tide Sei turner definitely characterizes morphium as 
d \egelable alkali and compares its behavioi with that of ammonia 
'Fhese e\acL icsults awakened inteicst; it was thought that 
otliei jilants wdnch possessed marked physiological activity 
might contain, as active pimciple, substances analogous to moi- 
phiLim Many investigations were instituted, with the icsult 
that during the yeais 1817-1835 the most important alkaloids 
w'ere isolated 

The toUowmg is a chronological list of then discoveiy. 


1817 

Naicotine, 

by 

Robiciuet 


Emetine, 

(C 

Pelletier and Magendie 

1818 

Veiatiine, 

1 c 

Meissnci. 

c< 

Stiychnme, 

u 

Pelletier and Caventou. 

i8iy 

Biucine, 

tt 

tt t, t 

U 

Pipeline, 

it 

Oeistcd. 

1820 

Caffeine, 

ti 

Runge. 

C( 

Cinchonine 

tt 

Pelletier and Caventou. 

(( 

Quinine, 

tl 

ti it <( 

It 

Solaninc, 

tt 

Desfosscs 

1825 

Sinapmc, 

tt 

Heniy and Garot 

1826 

Coiydalme, 

tt 

Wackenioder. 

(( 

Bcibciinc, 

tt 

Chevalher and Pelletan. 

1828 

Nicotine, 

it 

Posselt and Reimann. 

1829 

Aricine, 

ti 

Pelletier and Corriol. 

<( 

Bangui narine, 

tt 

Dana. 

1830. 

Curarine, 

It 

Roulm and Boussingault. 

1831. 

Conme, 

it 

Geiger. 

It 

Atropine, 

i t 

Geiger and Hesse. 
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1832. 

<( 

1833 

ii 

it 

it 

1835- 


Codeine, 

Narceine, 

Quinidine, 

Aconitine, 

Colchicine, 

Hyoscyamine, 

Thebaine, 


by Robiquet 
“ Pelletier 

“ Henry and Delondre. 

“ Geiger and Hesse. 

H (( it it 

(( it ii it 

Pelletier and Thiboumery. 


The composition of these substances was established by 
numerous analyses, the most of which vvc owe to Liebig, Gei- 
hardt, Regnaiilt, and Laurent 

Since 1835 the number of newly discovered alkaloids has 
increased year by year, to-day we have moie than two hundied 
vegetable bases, which have been full> piiiified, caiefully de- 
scribed and analyzed In the case of a laige numbei we have 
learned much regarding the stiuctiire of the molecule, and in 
many instances have succeeded, indeed, in eflccting the com 
plete synthesis of the base — the best test of the accuracy ot 
our present conceptions regarding the constitution of the 
alkaloids 

The complicated structure of the alkaloids first disco\^ererl 
rendered a study of then constitution \ery difficult Bcizclius 
explained their basic character by assuming that they held 
ammonia attached to an indiflerent group — to a hydiocarbon 
01 an organic oxide Others, again, supposed that the nitro 
gen was united with oxygen, 01 that it occurred m a foim like 
that of cyanogen 

It remained for Licbig to afford the collect solution He 
considered these bases as ammonia in which a liydrogen atom 
was icplaccd by an organic radical 

The classical investigations of Wiiitz and of Holmann, 
which led (1848) to the discovciy of the aitificial organic bases, 
fully confirm this view. It was iccognized that the arlificial 
as well as the natural bases were partly or completely substituted 
ammonias Application to the alkaloids was now mad(‘ of 
the reactions, through which Hotmann had learned to distinguish 
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the four classes of organic bases, and it was found that almost 
all the alkaloids are tertiaiy bases 

These investigations found stiong suppoit and extension 
from an unexpected quarter. 

In 1834 Runge obtained from coal-tar a basic substance, 
Ci,H7N, which he named leucoL Some years later (1846--1851) 
Anderson discoveied in ‘‘Dippel’s oil,” which results from th( 
diy distillation of bones, a homologous series of volatile bases, 
of which the fiist member, of the formula QHgN, received the I 
name pyridine At about the sanie time it was shown that coab 
lai also contained this senes of pyndine bases in addition to 
leucol and a higher homologue of the lattei, iridolme 

All these substances closely resembled one another, they 
appeared to constitute a distinct group of organic bases, which 
weie clcaily different from the amines of the fatty and of the 
aiomatic senes 

We should scarcely expect to find any relation between these 
bases of pyrogenetic origin and the vegetable alkaloids The 
very fiist investigations, however, which were instituted to deter- 
mine the constitution of the latter led to this icsult 

As eaily as 1842 Gerhardt from the distillation of cinchonine 
with caustic potash had obtained a peculiar base, which he 
named quinoline, later (1855) Williams found that m this re- 
action still other basic substances were formed, and among these 
one of the foimula C^oHoN, kpidine. Closer study of these 
bases now showed that quinoline was identical with leucol, and 
lepidine with iridoline 

This observation regarding the relation of the alkaloids to 
the pyridine bases was soon followed by others Huber (1867), 
Wilm and Caventou (1873), Weidel (1874), and more recently 
Vongcrichten, Bernheimei, and Goldschmicdt have shown that 
by the oxidation of nicotine, cinchonine, quinine, berbenne, 
narcotme, sparteine, and papaverine there are formed acids 
which on distillation with lime yield pyndine Furthermore, 
piperidine, a decomposition-product of piperine, was recognized 
by Konigs (1879) to be the reduction-product of pyndine. Norhy- 
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(Irotropidine (from atropine), nicotine, sparteine, and the chief 
alkaloids ot the cinchona-barks, when distilled with lime or 
/.inc-dubt, gave rise to homologues of pyridine, some of which 
were identified 'with ccitam members trom Anderson’s senes 
T. he simple relation subsisting between the pyridmc and quino- 
line bases was established, paitly by the synthesis of these bases 
(konigs, 1&79)) paitly by the direct transformation of quinoline 
into [jyiidmc (HoogcwerlT and van Dorp) 

riuis fiom various sides and in different ways it was shown 
tliat the gi eater number of the alkaloids were denvatnes of 
pyridine At the same time it was recognized that this relation 
was not univeisal, but that theie wcie many alkaloids which 
could not be con elated with this base Caffeine and theobromine, 
alieudy at that time subjects ot important investigations, possessed 
u constitution which was in no way lelated to pyridine, but 
which appeared to classily them with the derivatives ot uric acid 
Betaine and muscarine togethei with choline and sinapine formed 
a special gioup of quaternary bases, which were closely related 
to tlic amines of the fatty scries Further, the weak bases, 
leucine and glutamine, which had already been noted as decom- 
l)()silion-“pioducls of albuminoid matter and which had been 
found in numeious plants, belonged undoubtedly to the amido- 
acids of the fatty senes, the asparagine group 

Although, as vve see, not all the alkaloids belong to the pyri- 1 
dine series, yet the number falling under such classification was ( 
sufficiently large to confer particulai interest upon the study j 
of the pyiidine bases obtained from coal-tar This study was 1 
undeitciken. with enthusiasm and led to most important results 
At llie time when, under the influence of the stimulating 
bcn/ol hypothesis of KekuM, the chemisliy of the aiomatic 
dcnvaLivGS had icceived a po\veiful impetus for advancement, 
Koinei (1869) oflered a similar conception foi the pyradine scries 
According to this, pyridine is a benzol in which one of the 
CFT gioups IS replaced by the Iriaiomic nitrogen atom and the 
structure of the pyridine nucleus is in all points comparable with 
that oi the l)enzol nucleus. In the same way, quinoline is to be 
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regarded as a naphthalene one of whose rings has cxpeiienced 
a like modification. 

This hypothesis of Kornei was the starting-point foi further 
investigations in the pyridine senes. Great niimbeis of pyiidinc 
and quinoline deiivatives were piepaied, their constitution es- 
tablished, tlieii position in homologous series and their isomeiic 
lelations determined, new processes of synthesis were clabo- 
lated 

The disco\ciy of acndinc by Graebc and Caio in i87d and 
that of isoquinohne by Hoogewcrlf and van Dorp in 1885 brought 
to a ceilain completeness these investigations in the pyridine 
senes Thus within a few years (1S70-1885), in addition to the 
tatty and the aiomatic senes, there had aiiseii a third great class 
of organic substances. 

As the investigations in the domain of the aitificjal pyiidinc 
bases were extended, the relations existing between these deriva- 
tives and the natuial alkaloids became ever clearer. The woik 
of Hofmann and Ladcnbuig on conine, of Jahns on trigonelline 
and on the bases of the bctcl-nut palm, that of Golrlschmicdt, 
of Ficund, of Roser, of Perkin on papaverine, hydrastine, naico- 
tine, and berbei me, established the constitution of all these bases 
and at the same tunc determined their position in the system of 
])yridine derivatives 

Still other nitrogenous lings have been found in the alkaloids, 
the oxazine ring in morphine (Knorr), the pyrrolidine ring in 
hygiine (Liebc mann) and in nicotine (Pinnei), and the glyoxa- 
line ling in pilocarpine and isopilocaipinc (Jowett, Pinner) 

An interesting iing system, resulting fiom the union of a 
reduced pyridine with a pyirolidine nucleus, is found in cocaine 
and atropine The synthesis of this system has been recently 
effected by the brilliant investigations of Willstattei 

Fuithci lescarch in the chemistry of the alkaloids will doubt- 
less reveal nitiogenous rings of still difieient types. 

One of the great aims which is constantly held in view in 
studying (he constitution of the alkaloids is then synthesis, this, 
indeed, is the ciucial test of the coirectness of our views regarding 
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their structure Also iii this direction considerable success has 
been attained If we disiegard the two bases, choline and betaine, 
which belong to the group of the fatly amines and whose synthesis 
was eflccled by Wurlz (1857) and Liebreich (1869), and con- 
sider only the alkaloids of cyclical stiuctiire, then the honor rest.s 
with Ladenburg of having first effected the complete synthesis 
ot such an alkaloid, in 1886 he succeeded in building up from 
the elements conine, the chief alkaloid of the hemlock. 

The same year Hantzsch prepared the methyl-betaine of 
nicotinic acid, and this was shown by Jahns to be identical with 
tiigonelline Since then still other alkaloids have been synthe- 
sized. arecaidine and arecoline by Jahns (1891), pipennc by 
Ladenburg and Scholtz (1894), the bases of the xanthine group, 
xanthine, caffeine, theobromine, and adenine by Fischer (1895- 
i8g8), atropine, atropamine, belladonme, and inactive cocaine 
by Willstatter (1901, 1902), and nicotine by Pictet (1903). 


This woik is divided into two parts. The first part gives a 
rapid review of the arUjicial denvaiives oj pyridine 

The chief data which we have in regard to the constitution 
of a large number of alkaloids rest upon investigations concerning 
the constitution of simple pyridine derivatives, into which these 
alkaloids are conveitcd by their decomposition Consequently 
it seems to us best to discuss first the stiucture of these derivatives 
and to indicate the methods which have been employed in deter- 
mining their constitution In this first part, however, we shall 
not lose sight of our chief object, the study of the constitution 
of the vegetable alkaloids, and we shall therefore consider only 
tliose artificial derivatives which in their mode of formation, in 
their molecular stnicture, or m any other important way are 
closely related to the natural bases 

In the second part we shall seek to gather together system- 
atically the experimental results which have thus far been 
derived from the study of the chemical constitution of tl e natural 
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alkaloids, and to dibCiiss the theoretical conclusions which have 
been drawn fiom these results No attempt will be made to present 
a complete monograph of the vegetable alkaloids, we shall not 
consider in detail eilher their physiological or physical properties, 
noi shall wc present the specific tests employed in detecting the 
natural bases. Attention will be fixed rather on the purely chemi- 
cal behavior of the alkaloids and the bearing of this on their 
chemical constitution. 



FIRST PART. 


ARTIFICIAL BASES CLOSELY RELATED TO THE 
NATURAL ALKALOIDS. 


CHAPTER I. 

PYRIDINE 

Pyridine was discovered by Anderson ^ i‘n 1851 m bone-ofl. 
It IS found heie accompanied by a numbci of its liQmologucs. 
In addition to its production by the diy distillation ot bones, 
it IS also formed in the distillation of bituminous coal,“ lignite, 
peal, wood, and vanous bituminous shales^ It has been found 
fiirthci in the aminoniacal liquoi ot gas-woiks, in fusel-oil, in 
ciude petroleum, and in yellow paraffine oil At present it is 
obtained chiefly fiom coal-tar 

Pyridine is also formed from a niimbci of the alkaloids as 
nicotine, trigonelline, spaitcinc, cinchonine, pseudopellelieiinc, 
and derivatives of narcotmc when these are highly heated, 
treated with alkalies, or distilled with zinc-dust Of theoietical 
importance is its preparation fiom piperidine by oxidation It 
IS obtained , lastly, by the distillation of the calcium salts of various 
pyridine carboxylic acids, which form the oxidation-products 
of quinoline, isoqiimolinc, and a large number of the natural 
alkaloids. 


' Anderson, Transactions oj the Royal Society oj Edinburgh, 20, 251 
^Tbcnius, y, 1861, 500 
^ Williams, J , 1854, 492 
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Pyridine, C5H5N, is a colorless liquid of penetrating odor It 
is miscible in all propoi lions with vvatei, alcohol, and ether 
The boiling point of pyridine is 114° 5, and its density is a litlle 
less than that of water 

It IS a tertiary base, which when reduced with sodium is 
converted quantitatively into the secondaiy base, pipeiidine 
When stiongly heated with hydriodic acid it is decomposed into 
ammonia and normal pentane ^ 

QH,N+ ioH->NH,+ QH,2. 

Towaids oxidizing agents pyridine exhibits remarkable 
stability Chiomir acid, potassium peimanganate, and nitric 
acid do not affect the base at any temperature, concentrated 
sulphuiic acid begins to act only at about 300° with the foima 
tion of a pyiidine sulphomc acid, the halogens yield substitution- 
piodiicts wnth the gieatest difficulty 

Constitution of Pyridine, — The great stability of pyiidinc, 
further the analogy which appeared between its derivatives and 
the corresponding derivatives of the benzol series, paiticularly 
in the cases of isomerism, led Korner ^ in 1869 and shoitly after- 
wards also Dewar “ to assign to the base a constitution similar to 
that of benzol. Tliey considered the molecular sLructuie to be 
that of a closed ring composed of five atoms of carbon and one 
of nitiogen. 

According to this assumption pyiidine appears as a benzol in 
which the tnatomic CH gioup is icplaccd by an atom of nitrogen* 


H 

H 

C 

C 


HC./NcH 


C 

N 

H 

Bcn/sol 

P> ndine 


^ Hofmann, B 16, 586 

Korner, Giornale deW Academia di Palermo, j86q 
® Dewar, Ztiischrijl jitr Cliemie, 1S71, 117 
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Korner’s hypothesis found much support in a large number 
of the s3mLheses in the pyridine senes, paiticularly in the synthesis 
of pyridine itself, and it is to-day quite genei ally accepted This 
formula tor pyiidine explains in a thoroughly satisfactory way 
the reactions of the pyridine seues as well as a plane formula 
can do 

Pyiidme is an unsatuiated compound The nitiogen and 
each of the five carbon atoms possess a free valence These 
six free valences unless otherwise attached must mutually com- 
pensate one another just as in the benzol iing To represent 
these relations many tormulre have from lime to time been pio- 
posed, of which, howcvci, to-day only the formula." of Kekulc 
and Claus iu"ed be taken into account To these, in the case ot 
pyridine, is to be added a third formula of RiedePs,^ which can- 
not be considcied for the entiiely symmetrical benzol ring 


HC 


CM 

/\ 


Benzol 


HC, 


HC 


CH 

CH 

/\ 


Pyndine 


HC 


N 

Kel^.ule 


CH 

CH 

CH 

CH 



It IS not our intention here to discuss these three foimulae, 
for and against which much may be said. In the succeeding 
chapters the scheme following will be used to represent the 
pyridine nucleus. 



’ Rirdcl, B i6, r6oQ 



PYRIDINE, 


Syntheses of Pyridine. — P}ndine may be synthesized in 
many vva3S, among which the following arc mentioned 

T By the distillation of ethylallylamine over lead o\ide 
healed to 400^-500° ® 

CH— CH— NH^CH,^CH = CH, + 30 -^QH,N + 30 H, 

2 By conducting a mixtiiie oi acet)lene and hydroc\'anic 
acid thioiigh a red-hot tube “ 

2CH,+ CNH-^C5H,N 

This synthesis IS analogous to the piepaiation of benzol fiom 
acetylene by Berthelot 

3 By passing a nnxtuie of ammonia and alcohol vapor* 
through a biightly glowing hot tube 

4 Fiorn yrrol by heating this base with methylene iodide 
and sodium methylate to 200° 

C.HsN-l- CHI2+ 2NaOCH3->Cr,H,NH- 2NaI-f eCH^OH 

5 By heating glyceimc with ammonium sulphate 

Some syntheses of pyridine in which it occuis as a side-pioduct 
in othei leactions will be considered with these reactions 

All the known syntheses of pyiidine, howevei, gi\e but poor 
yields, so that the only source from which it can be obtained 
in Cjuantity is coal-tar From this it is readily separated, together 
with its homologues, by treatment with sul[)hiiiic acid The 
pyridine bases aie fieed irom the acid solution by the action 
of an alkali, dried, and finally purified by lepcated fi actional 
distillation 

Any aniline picsent is converted bv oxidation into aniline 
black and m this way removed from the pyiidme dciivalives 


M-Conigs, B 12, 2^44 

“ Ranisav, B 10, 7^6, Phil Mag, 1S76, 270, 1877, 241 
Monan, f 1884, ^24 

”D(.nnstedt and Zimmermann, B 18, 3316 
‘“Stoohr, J pr 43, 153 
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Substitution-products of Pyridine. — By replacing any one 
of the five liydiogen atoms in the pyiidinc iing with another 
monatomic atom or ladical arc formed the subslitution-jiioducU 
of pyndinc The study of these dciivativcs has done much 
to confiim the hypothesis of Koinei 

It IS fully established by cxpeiimcnt, indeed, that the place - 
ibomerism which is found in the pyiidinc senes is exactly analo 
goLis to that in the benzol senes 

In lepresenting this isomensm ol the pyridine ring the pre- 
fixes ortho, meta, and para arc not used as in the case of similar 
aromatic derivatives In then place are employed the first 
letters of the Gieek alphabet, /?, and y 


(a)C 

N 

Pyndinc 

Less frequently numbers arc used as follows: 




In the pyridine, as distinguished from the benzol scries, theic 
are possible three monosubstitution-pioducts (a, /?, y) By tlie 
entiance of several substituents of the same kind the following 
isomers may be obtained 

6 DisubstituLion products (a'/?, ay, a/3', aa', , /3/9') 

6 Trisubstitution {a^y,a^^^, a/3a', a^/3', aya\ l^yji'), 

3 Tetrasubstitution ‘ ^ {a^y^', ayji'a', aj9/3'a'). 

I Pentasubstitution pioduct {a^y^^a') 
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When the cnteung groups aie unlike the number of isomers 
increases rapidly With lour diflerent substituents, lor example, 
there are theoictically possible 120 isomeric dernatives 

The nitro , sulpho-, and halogen-dcrivativcs of pyridine are 
formed by direct siibstilutiun with difficulty 01 not at all These 
del natives also ha.\c not attained such impoitance as have the 
coi icsponding membeis in the benzol senes This is due in 
paitjdt least, to the fact that the pyiidine ring lacks the valuable 
rhroinophorous piopcrties \vhich distinguish the benzol ring 
Since fuithei these substitution-products of pyridine are only 
remotely connected wnth the natural alkaloids, we will discuss 
tliem here but briefly, 

Chlorpyndines. — The three monochlorpyiidines theoretically 
possible are all knowm T\vo, the a- and ?^-deiivatives, are ob- 
tained by the action ol phosphoius pentachloride on the corre- 
sponding oxypyridines The third, |S-chlorpyridine, is formed 
on treating potassium pyrrol wath chloioform, or carbon tctia- 
chloride. 


C.H^NK+CHClg-^QH.ClNH-KCl+HCL 

Di- and lii-chloipyndines are also known 
Brompyndines. — Of the three isomers only one is as yet 
known, /?-brompyridine It is produced by heating pyridine 
liydiochlonde wnth bromine to 200°/^ The position of the 
bromine atom in this compound has been delci mined by Weidel 
and Blau By treating the brompyridine wnth alcoholic potash 
they converted it into cthoxypyridine, which when saponified with 
hydiiodic acid yielded /? oxypyndine 

The same brompyridine is formed also from potassium pyrrol 
and bromoform,^® 


’^Ciamician and DennsLcdt, B 14, 1153, 15, 1172 
Hofmann, B t2, qgS 
>®\V(.idtI and Blau, M 6, 651 
Ciaiiucuin and Dennstedt, B 14, 1153, 15, 1172. 
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In this reaction consequently the carbon atom of the biomo- 
form enters between the a and / 9 -carbon atoms ol the pynol 


HC 

HC 



CH(«) 


HC / 
HC 


CH 

\, CBr 


/ 


CH 


+ KBr+HBr 


This synthesis, which piescnts a very interesting transition 
from the pynol to the pyndinc senes, can be generalized We 
saw above that in the same way by using chloioform we could 
obtain cldoi pyridine, and by employing methylene iodide we 
could synthesize pyridine itself 

^-Biompyridine is a colorless liquid, ol specific gravity 1.64, 
boiling-point i69°-r7o*^ 

A dibrom pyridine is formed at the same time with ^biom- 
pyiidinc when the hydrochlorides of pyiidine 01 pipeiidine'^ aie 
treated with bromine Fuither, it is formed from the h)(Jio- 
bromidc of tropidinc under the action of bromine and fiom 
dibromapophylline (a decomposition-product ol naicotinc) when 
this IS heated with concentrated hydrochloi il acid to 
In this dibrompyiidine the two biomine atoms arc m the / 9 / 9 ' 
position This is shown in its foimation from symmetrical 
tnmethylpyridine dicarboxyhc acid 

CHd 

HOOC— /\— COOH 
N 


by treating this substance with bromine m neutral solution 
Both carboxyl groups are replaced by biominc The dibiom- 


’’ ScliotLpn, B 15, 427 
Lticlenburg, B 15, lijo, A 217, 71 
Vongcnchten, B 14, 283 A 210, 79 
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trimeLh} Ipyiidine Lhus obtained is then oxidized with potassium 
pcim'anganalc to dibrompyndinc tiicarboxylic acid, which is 
finally converted into dibiompyj idine by heating with lime 
(elimination ol caibon dioxide) 

Dibrompyndinc is a solid, welhciystallizcd substance, melting- 
point 110°, boiling-point 222° 

A tiibiompyiidmc of unknown constitution melting-point 
i 67 --t 68 °, is loimed, accoiding to Willstatter, when tiopinone 
IS oxidized with bromine.”^ 

lodpyridine. — ^-lodpyndme is formed by heating ^"-chlor- 
pyiidinc with excess of hydriodic acid for eighteen hours at 145°. 
Its melting-point is about 100°“^ 

Amidopyndines. — The thiee isomeis have recently been 
picpaied from the amides of the coiresponding pyridine mono- 
caiboxylic acids by the action of biomine and potassium hy- 
droxide according to the reaction oi Hofmann Furthci, they 
are foimcd from the amidopyiidine monocarboxylic acids when 
the carbon dioxide is eliminated by heal 

Accoiding to Curtius and Mohr, /?-amidopyijdine can also 
be obtained from the hydrazide of nicotinic acid, 

CeH^N— CONHNH2 

a-Amidopyndine melts at 56° and boils at 204°. 

fj- “ M .C 6^0 M M .. 250-252° 

“ has not as yet been obtained pure m the 

free condition. 

The amidopyndines are easily soluble m watei, physiologi- 
cally they behave as strong poisons 

In general the amidopyndines in their chemical propeitics 
resemble the amines of the fatty senes, ,/ 9 -amjdopyridine alone 
can be diazotizcd and con.\'erted into azo-dyestuiis /?-p}ridvl- 


^'^Pfeilkr, B 20, 13^3 
WillstciUcr, B 29, 2228 
Haitingcr and Lieben, M 6, 319 
Curtius and Mohr, B 31, 2493 
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hydiazine is foimccl by the reduction of /J-diazopyndinc,^^ while 
a'- and ;'-p3Tidylhydrazinc are produced by the action of h)dra' 
zinc on a- and ^'-chloipyiidine. 

The Sulplionic Acids of Pyridine. — Pyridine is not aftected 
by funiing sulphuric acid at oidinary temperatures, at about 
300°, however, it is converted into /?- pyridine sulplionic acid,^'^ 
at the same time there is formed a disulphonic acid (probably 

m " 

The siilphonation is aided by the addition of anhydrous 
aluminum sulphate.'^ The / 5 -position of the group SOjH is 
shown by fusing the pyridine monosulphonic acid with potassium 
cyanide The acid nitiile obtained is com cited by saponifica- 
tion into / 3 -pyridine carboxylic acid (nicotinic acid) The sul- 
])honic acids of pyiidinc closely resemble the coriesponding 
aromatic derivatives. 

Oxypyridines — A numbei of deiivatives of pyridine arc 
known in which one 01 more of the atoms of hydrogen aic re- 
placed by the liydioxyl gioup These may be prepared either 
by distilling the oxy-acicls of p) iicline 01 by the nietho s commonly 
employed in the synthesis of alcohols and phenols (fusion of the 
sulplionic acids with potassium hydioxidc, diazotizing the amines, 
action of alcoholic potash on the halogen deru^atives) 

We will consider here only the three monoxypyiidines 


/ 3 - 0 \ypyridme 


-OH 


crystallizes m needles melting at 


N 


124° 5, It can be distilled without decomposition and gives with 
feme chloride a red coloration 

The a- and j'-oxypyndmes present a striking example of tau- 


^■‘Mohr, B 3r, 2^95 

-Fischer, B 15, 62, 16, 1183, 17, 763 Konigb, B 12, 2342, 16, 735, 
17, T832 

Konigs .lad Gcjgv, B 17, 

” WlicIcI and Wunnan, M t6, 751 
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tomcnsm While the /? oxypyndinc, as is shown by all its re- 
actions, evidently possesses a hydro\}l stiucturc, the isomeric 
o. and ^'■-forms behave sometimes as line h}droxides and some- 
times as ketones, assuming, in the latter case, the character of 
secondaiy bases (pyiidones) It is necessary to consider in 
these derivatives that one hydrogen atom is highly mobile, attach- 
ing itself at one time to the oxvgen atom and at another to the 
nitiogen 


CH 

CH 

HC 

HC / \cH 

Hcil JeOH 

HC ^CO 

N 

N 



H 

a O'cv pvndinc 

«-Pyndone 

C— 0— H 

CO 

Hc/ i 

\CH 

Hc /\ ^ 

HC II 

1 CII 

HC IJ 1' CH 

\l 

\ 

\/ 

N 

NH 

I Osypvncline 

r-P\ nclone 


This tautomciism appears cleaily in the pieparation of the 
estcis of the oxypyiidines There aie obtained according to the 
conditions of the expeiiment cither the oidmaiy ethers with the 
gioup — O — R, 01 nitiogen derivatives with the gioiip =N — R 
a-Pyndone ciystallizes in small colorless needles which melt 
at 107° and distil at 280-281° With non chloride it gives a red 
coloration 

y Pyiidonc forms hexagonal plates which contain one mole- 
cule of watei It melts in the anhydrous condition at 148^-5 
boils above 350°, by iron chloride it is colored yellow. 

The thiee oxypyiidines arc easily soluble m water, they 
possess only weakly basic pioperties, on distillation with zinc- 
dust they aic 1 educed to pyridine 

It is necessaiy to call particular attention to a method of 
foiming the pyridones from the pyronc derivatrves, since it throws 


von Pcchmann, B 24, 3144, 28, 1624 
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some light on the formation oi the alkaloids in the oiganism ot 
the plant 

By the name pyione is indicated a special class of iinsatuialed 
ketone-hke derivatives, which contain a closed chain ot fne 
caibon atoms and one oxgyen atom 

According to the position of this latter to the ketone group 
are distinguished the a- and 7-pyrones 


CH 

CO 





0 

0 

t'Pyrone 

f P\ rune 


The close lelatioii between the pyiones and the pyridones 
appeals clearly in comparing their stiiictuie By the action of 
cold ammonia, indeed, the pyrones are converted into the p>ii- 
doncs, an oxygen atom being here replaced by the divalent NH 
group: 


CH 

CH 

+NH8-> 

Meld'll CH 

HCk^yCO 

HC\ ^CO 

6 

NH 

a-Pyionc 

a-Pyndone 


+ TT0O 


When we recall that plants store up nitrogen in the form of 
ammonia and when we note this ready convcision of pyrones into 
pyiidones, it would seem that the reaction may play some part 
in tlie formation of the alkaloids in the tissues of plants 

Numerous'* dciivativcs of the pyrones aie known Those 
which occur in the vegetable kingdom parLiculaily inteiesl us, 
such as meconicacid, which is denved fiom o[)ium,and chclidonic 
acid, which is found in the herb celandine and in the loots of 
the white hellebore: 


CO 


CO 


HC 

HOOC— C 



\ / C— COOH 
6 


Meconic acid 


HC 

HOOC— C 



CH 

C— COOH 


O 

Chelidonic acid 
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Coumalic acid (t):-pyroae caibo\ylic acid) forms, when 
ticatcd with ammonia, oxy nicotinic acid (a'-pyndone-/ 5 -carboxylic 
acid), which is changed by heat into a'-pyridonc 


UI 

CH 

CH 

C-COOH 

K,,, HCf^\c-COOH 

„ „ HCf^\ CH 


+ NHi— > 

+ H 2 O > 

OC' >lCH 

\/ 


J} CH 

0 


NH 

Cciunialii acid 

Oxynicotmic acid 

a Pyndone 


Fiom chclidonic acid (^'-pyronc dicarboxylic acid) there is 
foimed, by like treatment with ammonia, chelidamic acid (y- 
pyridonc dicaiboxylic acid) 


CO 

HC CM 
HOOC— C 


r_— COOH ' HOOC— c 


CO 

Hc/\cH 


O 

ClielidoniL a( id 


\/ 

NH 

Chclidamic acid 


c— COOH 


H-HjO 


By loss ol caibon dioxide chelidonic acid may be conveited 
into comanic acid (^--pyrone monocaiboxylic acid) This also 
with ammonia yields the corresponding pyridone derivative, 
oxypicnlmic acid ’’ 


HC 

HC 


CO 

CO 

: CH 

HCj^NcH 

; c— cooh'^^*^“'^ 

Hc'v^ylc— Cl 

0 

NH 

ConianiL acid 

Oxypicohmc acid 


,+HsO 


Mecomc acid (o\v-r-py®”^ dicarboxylic acid) has not as 
yet been conveited into a pyridine derivative The closely 
related comcnic acid (oxy- /--py rone monocarboxylic acid), how- 
evci, gives with ammonia comenamic acid (dioxypicolimc acid). 

BQth chelidamic and oxypicohmc acids, when heated above 


von Pcchmann, B 17, g^6, 2384, 18, 317 
Lieben and Haitinger, M 4, 27 Si 6, 279 
•" Ost, T pr 27. =S 7 . 29, S 7 . 378 
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their melting-points, are decomposed into carbon dioxide and 
^'-pyi idone 

The foimation of citiazinic acid (the P3nidjne acid which ib 
sometimes met in the siigai>beet, see page 157) depends upon a 
reaction very similar to those just considered. 

Addition-pioducts of Pyridme — Pyndine yields [\\o kinds 
of addition-products 

I Like similar tertiaiy derivatives ol nitiogcn, the base is 
able to add alkyl chloi ides, bromides, or iodides, thereby, foiming 
compounds of the ammonium type, viz , 



When these quaternary salts aic heated to about 300°, they 
Lindeigo a molcculai reairangement similar to that obseived by 
Hofmann m the case ol the alkylated anilines 

The ladical attached to the nitiogen migiates to one of the 
carbon atoms of the ring and there is foimed a homologous 

salt of pyridine 


Thus pyridine methiodidc, 


IS 


converted into methylpyridinc hydriodide, CH3 




This reaction, discovcicd 'hy Ladenbuig, has pio\ed very 
efficient in synthesizing many of the homologues of pyiidine 
2 Anolhci type of addition-pioduct is derived from saturating 
the double bonds which aie found within the iing itself Like 
an imsaturated hydiocarbon, pyridine adds one, two, 01 three 
molecules of chlorine, bromine, or hydiogen The halogen 
derivatives are in general unstable and as yet little investigated, 
much moie important are the hydrogen addition-products 

Whatever constitutional formula may be assigned to pyridmc, 
It IS evident that there should be several isomeric di- and tctia- 
hydro-derivalives, while the hcxahydio-derivative can exist m 
only one form No dihydropyiicline has yet been prepared in 
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the pure condition; the tetrahydropyridines (pipcrideines) have 
been only impel fectly studied, hexahydropyridine (pipendine) 
has, however, been most thoioiighly investigated 

Piperideines.— No one has as yet succeeded in piepaiing a 
pipcrideine by the partial reduction of pyiidine Whatevei reagent 
IS employed, it inevitably leads to the completely leduced 
piperidine. By the leverse process, however, the removal of 
two atoms of hydiogen from piperidine, a piperidcine has been 
picpaied 

When piperidine is tieatcd with bleach mg- powder, thcie is 
formed a chlorpiperidme in which the chlorine atom has re- 
placed the hydrogen atom attached to the nitrogen If this 
chlor-derivative is now ticated with alcoholic potash, hydrogen 
chloiide is split off and theie is formed a piperideine Since this 
pipcrideine is a secondary base, Lellmann and Schwaderer assume 
in explanation of the reaction that the chlorine first migrates to 
the a-carbon atom 


N 1.^ 

Cl H H 

Chilli pipoi uhne Intermediate Pipeiideine 

product 

A piperideine piobably identical with the above has been 
synthesized by distilling 3 -amidovalei aldehyde with caustic 
potash The aldehyde is produced from the oxidation of 
piperidine with hydiogen peroxide This pipcudcinc 15 also a 
secondary base, and its formation may be expressed as follows. 



H, 

C" 

C 


H,C ' CHO " 

N N 

H, H 




^‘Lellmann and Sduvaderer, B 22, 1318, 13218 
WoUTcnstLin, R 25, 2777 
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The piperideine obtained by cither ol the above processes is 
a liqiiidj easily soluble in water and possessing a stronger basic 
chauLCler than pyiidine. It is difficult to deteimine fuither its 
piopeitics with any degree of ceitamty, since it polymerizes with 
the greatest case to a dipiperideinc (CqH,,N) 2, which probably has 
the constitution 



Ccitain homologues of the pipcndeines have been more 
thoioughly studied than the piperidcincs themselves, paiticu- 
laily the pipecoleines and the coniceines, which will be con- 
sideiecl later (see pages 35, 135) 

Piperidine. — Pipieridine was first obtained by Weithcim 
and Rochledcr m 184S fiom the distillation of piperinc with 
soda-lime, but they mistook the new substance for aniline Some 
yeais later Anderson and Cahours,^” working independently 
of each other, established the foimulaof the new base as CgH^N, 
and the latter gave to it the name which it bears to-day. 

Pipciidine IS also formed when piperme is saponified widi 
alcoholic potash (see Piperme) 

C„H,„N 03 +H 20 -^QH,,N-|-C, 2 H,oO, 

Pipenne Piperidine Pipenc acid 

Johnstone found piperidine occurring in small quantities 
vith piperme in pepper 

Piperidine is a colorless liquid of ammoniacal odor; it is 
soluble in all proportions in water, alcohol, ether, and benzene. 
It boils at 105°, and solidifies at —17°, its specific gravity is 

Wertheim and Rochledcr, A 54, 255, 70, 58 
Anderson, A 75, 82, 84, 345 
Cahours, A ch (3) 38, 76 
Johnstone, Chemical News, 58, 235 
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088 at 0°, it IS a very strong base, readily withdrawing carbon 
dio\ide fiom the air 

As a secondary base the imide hydrogen atom can be ic 
placed by various groups (alkyl-, amide-, organic, and inoiganic 
acid- radicals, etc) In this way tlieie may be prepared a large 
numbci ol interesting derivatives which we are unable to consider 
hcie m detail 

The constitution of piperidine remained foi a long time 
unknown In 1871, Kraut, on tiealing with moist silver oxide 
the salts formed by the interaction of the base and chloi acetic 
acid, found that pyridine was produced in small quantities 
In 1879, Hofmann,^® by the action of bromine and water on 
piperidine at 200-220°, obtained a dibromoxypyridine 

In the same year Konigs^'’ succeeded in establishing the 
iclation between the two bases by converting piperidine diiectly 
into pyridine on lieating the formei with concentrated sulphuric 
ac d to 300° At this high temperatuie the acid acts as an 
oxidizing agent, and is itself leduced to sulphurous acid 

QHhN + 30-^C,H,N + 3H2O 

Piperuime Pyndine 


Accoiding to latci experiments the oxidation of pipciidine to 
pyndine can be eMected by heating it with nitrobenzol at 250°/'’ 
with silvei acetate at 180°, or with arsenious acid at 300° 
The amount of pyndine foimed is, however, small 

The Mew that piperidine was hexahydropyridine was soon 
fuithei confirmed by the reduction of pyndine to pipeiidine 
This was accomplished by Konigs,’** in 1881, by heating pyndine 
with tin and hydrochloric acid 

CJ-I,N-h6H->C,HnN 

pyridine Piperidine 


Hofmann, B 12, 985 
^"Konigb, B 12, 2341 
^‘’Lellmann and Gellcr, B 21, 1921 
Tafel, B 25, 1619 
Konigs, B 30, 1336 
^ Konigs, B 14, i8c;6 
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Ladcnbuig “ showed lalei dial, by the use of sodium and ab- 
solute alcohol, the reaction became almost quantitative 

According to Ahiens pipeiidine may also he prepared by the 
electrolytic reduction of pyiidine in dilute sulphuric acid Laler 
e\pcuments, however, do not seem to confum this view 

Wc know to-day several direct syntheses of pipcudine These 
all have this in comnion that they depend on the closing ot an 
open chain ot the genciul form 

V---CH2--CH2--CH,— CH>---CH>-^NH---y, 


by elimination ol the elements v: and 3' The leactions atioid 
additional proof oi the constitution 

i The lust of these syntheses was clfectcd by Ladenburg ^ in 
1885 in the following way. 

Trimcthylcnc cyanide is i educed by the action of sodium upon 
its alcoholic solution to penlainethylcnc diamine: 

/CH CN /CH CH NH, 

CH, H-SH -> CH, 

\CH — CN \CH>— CH—NHa 

When the hydrochloiide of this base is heated rapidly it is 
decomposed, giving a mixture ot ammonium chloride and piper- 
idine hydrochloride 

/CH — CH — NH. HCl /CH,— CH,. 

CH. CH, >NH HCH-NH.Cl 

\CH — CH.— NH. HCl \CH,— CH/ 

2. Normal ^j-chloramylaminc and ta-bromamylamme yield 
pipciidinc on being healed with an alkali.*^ 

/CH CH Cl /CH .— CH,s^ 

CH, " +K0H->CH2 >NH4-KCI-FH,0 

\CH— CH,— NH, \CH,-CH/ 

Ladenburg, B 17, 1^6, ’ySS, c;i3, -V 247, i 
Mirciib, Ziit!,chnjt jitr Elckhnciicnnc, 2 , 577 
Pmeusbuhn, Ztschi annrg Chetu , 14, 379 
Lodenbiiig, B 18, 2956, 3100 
Gabriel, B 25, ^21 Blank, B 25, 3010 
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3 J-Amidovalei aldehyde, which, it is line, has thus far been 
obtained onl} trom the oxidation of piperidine, is leconveiLed 
into this base when it is reduced with zinc and hydrochloric acid 

, /CH,— CHO /CH.>— CPU 

CH, +2H-^CH. >NH + H .0 

\CPL— CH— NH, \CH>--CH/ 

There is undoubtedly intermediate formation of amidoamyl 
alcohol which spontaneously loses a molecule of watei 

On the other hand, the piperidine ring is somewhat easily 
broken, between the nitrogen and one of the adjacent caibon 
atoms Thus, as Wolffenstein has shown, when hydrogen per- 
oxide acts upon the base there is foimed among othei piodiicls 
< 7 -amidovalcialdchydc 

CHo CH, 

NcH, HoC / 

HX \^^ CH. HoC 'cHO 

NT NH, 

H 

This riiptiiic of the ring is eflected still more easily in the case 
of niliogcn-acyl derivatives of piperidine on oxidation with potas- 
sium permanganate Thus benzoylpiperidme, C5H,yN(CgHr,CO), 
yields J-bcnzamido-valeric acid, sulphopiperidine, (Cr,HioN)2S02, 
<j-sulphamido-valeric acid,^^ and cyanacetylpipcridine, Cr,Hj,)N- 
(COCPTCN), o-oxalylamido-valeiic acid 

The urethane of piperidine behaves somewhat difierenlly 
toward oxidizing agents On successive tieatmenl with nitric 
and hvdrochloiic acids it is converted into an acid ot the formula 
C,H,,NO. This acid has been synthesized by Gabiicl,’’*^ who has 
shown it to be ^'■-amidubutyric acid, NH2 — CH^ — CH^ — CHj — 
CO,H It IS riLCessary, then, to assume in the oxidation ot 

WollkMislLin, B, 25, 2777, 26, jggi 
''"SdiolUn, B 16, 643, 17, 2 S 45 > 21, 2235 
Tobl and Framm, B 27, 2012 
“ Criiareschi, B 26, Ref 92 
Cabnel, B 23, 1767 
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pipcryl-urethane that not only the piperidine ring is broken, liui 
also one of its CH2 groups is eliminated. 

Both (^-amidovaleric acid and y'-amidobiUync acid as obtained 
above show a strong tendency to foim an innci anhydride by loss 
ot watei, thus again assuming a iing slrucluie When ainido- 
valcx-ic acid is healed it yields a ketone of piperidine (o:-pipeLidonc) 


CH. 

H,C\^ COOH 
NH, 

«"\rnidu\ 'iloric acid 


CH, 



Nil 

a-Pipcndune 


o:-Amidobutyiic acid with the same treatment gives the cone- 
sponding pyiiol deiivativc, oi-pyuolidone 


II >C 


inc 


cir„ 


H,C 


COJI TI.C 


tCIK 




'CO 


Nil, 

r-AinidobuLync acid 


\/ 

NK 

ft-PyrrolidoriL 


rkAmidovalcnc acid and T'-amidobutyuc acid are without any 
special physiological action, pipciidone and pyirolidonc arc, 
however, strong jioisons We have hcic an interesting connection 
between chemical constitution and physiological action Mani- 
festly thcie exists a close iclationship between the iing stiucLuic, 
which IS that of almost all the alkaloids, and the action which 
these bodies have upon the animal oiganism 

We shall dcsciibc finally a method of bicaking the pipeiidme 
ring which takes place with the simultaneous elimination of 
niliogen and which has been used, as we shall see, m deter- 
mining the constitution of many of the natural alkaloids This 
reaction, which wc owe to Hotmann, depends upon the following 
facts’ 

When piperidine is heated with methyl iodide, the methyl 
gioup is substituted foi the imide hydiogcn and thcie is foimcd 
methylpiperidme, — CK^ This, as a tcitiary base, can 


Gahrid, B 23, 1767 
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now add a second molecule ot methyl iodide, thus forming a deiiv- 
ative oi the ammonium type. This salt, C5H10N — CI-I3 CH3I, 
lb not decomposed by alkalies, but is conveited by moist silver 
oxide into the corresponding hydroxide 


QHN.o(CHA>I 

Mcthyipipendine 
meth iodide 


C,H,oN(CH3 )20H 

MeLhvlpipendine 
rnttlii ! hydroxide 


Shortly after his disco\eiy of the oiganic compounds of the 
ammonium type, Hofmann observed that their hydioxides 
were decomposed by the action ot heal into water, a tertiaiy 
amine, and an unsaturated hydiocarbon Example 


C 2 H 5 \ rj- C>H 5 \ 

aH3-^N< aH3^NH-C,H,+H.O 

CJ-I/ c,h/ 

Tetraeth\ 1 ammonium Tnethylamine Eth>]ene 
hydroxide 


It was noticed furthei that it there were one or moic methyl 
groups in the hydroxide, these lemained attached to the nitiogen 
in the tertiary amine 

In 1881 Hofmann applied this leaction to the quateinaiy 
derivatives of piperidine and found that then decomposition did 
not lake place according to the general lulc which he had estab- 
lished 

IMethylpiperidine methyl hydroxide, for example, when 
subjected to dry distillation yielded no hydrocarbon but only 
water and a base of the formula C7.H15N, which he named di- 
melhylpiperidine. 


QH.oNCH, CH 3 OH C,HoN(CHO,4-H,0 

Mtthvlpipcndine Diinethv Ipipendine 

mcthil hydroxide 


Holmtinn, A 78, 26'', 
Holmann, B 14, 4 (m, 650 
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This dimcthylpipciiclinc proved io be a teitiaiy base. Its 
addilion-pioduct with methyl iodide, on tieatmcnt with moist 
silvei oxide, gave a new hydioxide, C,H„N(CH3).jOH When 
this hydroxide was subjected to diy distillation, the resulting 
decomposition conformed with Hotmann’s rule Theie were 
formed watei, trimelhylainine, and an unsaturated hydrocaibon 
of the loimula C.,Ha, pipeiylenc 

C,H„N(CH,)30H ^ H,0 + N(CH,). + C5F[, 


Piperylenc is a liquid boiling at 42°, as an unsaturated com- 
pound, it leadily adds loiu atoms ot biomine 

Ladenbuig” ajipeais to have found the liuc interpretation 
ol these reactions He considcis that the iing of the mcthyl- 
pipeiidinc is luoken m the distillation ol Us methyl hydroxide 
The two successive phases ol the icaction may be repiesentcd 
by Ihc lollowmg equation^ 



oiich/cii, C[i, err, 

Mcthvlpipentlint. Dimiiths IpM'i-'riJiiK 
nicth> I hvdroMcle 


HC 

HX 


CH> 


XH, 


CHt-N— OH 


CH. CH, 


DitTuLhvlpipcTiclinc 
inetiivl hj droxido 


CH. 


HC 

II. 


|CH 

''CH, 


+ 


Pipcrylcne 


N 


/l\ 


CHtCHt CHt 
Tnmcthylamine 


+ H.O 


DiinclhyLpipciidine is of considerable importance in that it 
aflords a transition to pynolidine-derivativcs 

On treatment with hydrogen chloride, there is formed 
hydruchlordimelhylpipcridinc (o'-chloramyl-dimethylaminc), 


8^ Ladenburg, R 14. 1316, 15. 16, 2057, A 279, 344 

Robci A 247 , 62 IMcrling, \ 264, 310 Ladenburg, A 279, 344 
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CH,--CHC 1 — CH,— CH,— CH — N(CH02 When this is warmed 
it undergoes molecular rearrangement to ^“Oj-dimethylpyrrolidinc 

CH— CH(CH 0 -. 

methyl chloride, | \N(CH3)2C1. At a still 

CH— CH2 / 

higher temperature the chloride siiftcrs decomposition into 

CI-L— C(CH 0 . 

^^-methyl-n:-mcthylpyrrolldlne, | \NCH3and methyl 

CH,— CH2 / 


chloride. 



CHAPTER II. 


HOMOLOGUES OF PYRIDINE 

The homologues of pyridine are deiived from this body by 
the replacemcnl of one or more hydiogen. atoms with alkyl 
radicals. The position of the ladical js determined, as in the 
aromatic series, by oxidation Side chains aie thus converted 
into carboxyl groups, while the pyiidine iing lemains intact 
We obtain m thib way an acid with one or moie carboxyl gioups. 
From the constitution of tins acid aie determined both the 
number and the position of the alkyl substituents in the original 
base. 

The homologues of pyndihe are found with pyridine m bone- 
oil and in coal-tai. Anderson ‘ (i846-'i8sr) obtained from the 
distillation of bones the following bases 

Pyridine. 

Picolme.. 

Lutidme . 

Colhdinc 

Parvuline 

and other higher homologues 

A. The Picolines (Methylpyridines), CgH^N. 

Anderson desciibcd the picolme liom bonc-oil as a liquid 
boiling at 1 ^ 0 ^- 140 °, not solidifying at — 18°, soluble m all pro- 
poitions in water and in all its properties resembling pyridine 

^ Anderson, Transactions oj the Royal Society oj Edmburgh, 16, 123, 463, 
20, 247, 21, 219 


C,H,N 

C„H,N 

C^HjN 

CsH„N 
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In 1879 WeidcP and later OsL ^ and Lange^ showed that 
the picolinc oi AndcrsoiVs was not a homogeneous product but 
d mixture ot thiec isomeric bases They separated the three 
deiivatives fiom one anolhei through their platinum salts and 
established then constitution by converting them into the three 
monocarboxylic acids ol pyiidine. 



N N N 


ff-PicoliriL P Piruline PiLoljne 

B P I2Q®, convcrLpd B P i42°-i43°, is con B P 144'’-! 4*;° is con- 

by oxidation into piLOlinic \erted bv osidalion into verted o\idation into 

atid nicotinic acid isunicotinic acid 


I. oi-Picoline — This with olhci pyiidine bases is toimed 
in the distillation of the sulphate of spaiLeine over zmc-dusl ® 

It was synthesized by Bollinger*^ in the tollowmg manner* 
When pyiuvic acid, CHjCOCOOH, is treated wiih al ohohe 
ammonia there is formed a dibasic acid, CqH 5N(COOH)2, the 
•^o-called nvilon'it acid. According to its constitution, as estab- 
lished by Altar, this substance is a'-picoline-^'Ui' dicarboxylic 
acid Its formation by the condensation of ammonia with 
pyiuvic acid may be leprescnted thus 

COOH 

I 

CO 

\ 

H,C CH3 
HOOC— CO 

N 


COOH 


HCi-^NiCH 


— HOOC— C 


N 

U vjtonic acid 


C— CH3 


4- aH^O+CO, 


^Wcidd, B 12, 1989, M. I, 40 
® Ost, J pr 27, 2S6 
^ Lange, B 18, 3436 
^ Ahrens, B 26, 3035 

“ButlingLr, B 10, 362, 13, 2032, A 188, 330, 208, 122 
’ \llar, 237, 1S2 
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On distillation with lime,iivitonic acid loses carbon dioxide and 
!S converted into a'-picoline. 

a'-Picoline is also foiined in the general synthesis of Ladenburg 
by heating pyndinc methiodide to 300°® 

cr-Picoline is distinguished honi both its isomers by the ease 
with which it reacts with ketones and aldehydes 

According to the conditions of the e\p(‘iiment, it foims eithei 
hydio\3^-dcnvatives, the so called alcamincs (see p 4Q), by simply 
adding itself to the ketone or aldehyde, or compounds with an 
unsaturated side-chain bv subsequent loss of a molecule of water: 

C,H.N— CH, + CH ,0 C,H,NCH— CH,OH 

« Picolitie Formaldthvdc a-PiLol\ 1 alcanimt 

Q,H,N— CH,+ OCH— CH, C,H,N— CH=CH— CH,+?I ,0 

a-Pjcoliin- Acetaldrhidt Ipi'ridiiio 

This leaction is common to all pyridine and quinoline dciiva- 
tives which have a methyl gioiip in the a position 

2. /?-Picohne. — ^-Picoline is obtained in the decomposition 
oi sevcial of the alkaloids. It is foimed when stiychninc and 
biucine arc heated with lime® and when guvacinc is distilled 
with zmc-dusl It is produced also by the pyiogcnctic de- 
comi>osilion ot nicotine and is found with other pyridine bases 
m tobacco-smoke 

Several syntheses of /?-picohne aie known 
It was first obtained by Baeyer m 1870 from the distilla- 
tion of acrolein-ammonia This last substance, formed b\ the 
intciaction of aciolein and ammonia, possesses very probably 
the following constitution 

CH,=CH— CH=N— CH(OH)— CH=CH2 
Under the action of heat, water is eliminated and the chain 


® Lange, B 18, 3436 

®Sloehr, B 20, 810, 2727, J pr 42, 399, 415 
’®Jahns, A Phaim 229, 669 

Vohl and Eulenburg, A Pharm 147, 130 Kissling, Dmghr's polyfeck- 
msclies Jonryial^ 244, 64, 234 
Baeyer, A 155, 281 
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^:]oscd with a simuUantious change in the attaclimeiit of one of 
the hydiogen atomib* 


CH. 

CH 

llCj^ |CH=iCH, 

II 

Hcly^'cHOH 


N 

N 

Acrnkm anunonia 

/J-PiLobnc, 


/? Picoline IS also loimed when gylcciine is heated with acet- 
amide/^ or ammonium sulphate oi phosphate/^ in the piescnce 
of phosphoric anhydiide 

In all these modes ot formation iL is probable that the glycerine 
1^ fii^L conveiled by loss of watci into aciolem, which then con- 
denses with ammonia to form the pyiidine iing 

3 ^''-Picoline. — ^-Picoline has been obtained by heating cin- 
choloiponic acid with dilute sulphuric acid to 260-270° Cin- 
choloipomc acid is an oxidation-pioduct of the cinchona alkaloids. 
^'-Picolinc is formed, furthei, in laige quantities, together with 
the a'-deiivativc, by the tiansposition ot the methyl group when 
pyiidine methiodide is heated It has also been picpared by 
Hantzsch'^ fiom synimetiical trimethylpyridine (see page 45) by 
eliminating thiough oxidation the two methyl gioups in the 
a'a'- posit ion 

Pipecoleines (Tetrahydropicolmes), CgHnN — We possess a 
good method loi piepanng one of the sevcial pipecoleines ihco- 
letically possible 

n-Pipecoleine is formed by the action of alcoholic ammonia 
on w-biombiityl methyl ketone 


CM, 

CO 

(CH,), 


+ Nl-I,-- 


HoC 

HC 


+ HP -f HBr 


C II, Bt 

I BrombuLyl methyl kelonc 


CH, 

CH 

C— CH, 

NH 

J*^-Tetrahydropicohne 


“ Zanoni, \nnah di c/iimita, 74, 13, Hesekicl, B 18, 910, 3091 
’^Stochr y pr 43, 153, Schwarz, B 24, 1676, Storch, B 19, 2456 
Skrdup, M 17. 165 ” Lange, B i8, 3436 

"Hantzich, \ 215, 61 Lipp, ^ 289, 173 
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In this reaction there is probably first produced the unstable 
intermediate product (x) amidobutyl methyl ketone, 

HoC./ \ CHa 

'cO— CHa 

which by loss of watei is converted into tetrahydropicoime. 

Tctrahydiopicoline is a secondaiy base, it boils at 131-132'^ 
(716 mm. ) 

It has been a special object of study because of its close tcla- 
tion to tropine (page 202) 

Pipecolines (Methylpiperidincs, Hexahydiopicolmes), 

— The pipecolines are piepaied cither by icductioii of the ihiee 
picolines with sodium and alcohol/'^ or by synthetic piocesses 
directly analogous to those used in obtaining pipendine 

o:-Pipecolinc boils at 118-119°, /?-pipccoline at 124°, and 
T'-pipecolme at 127-129° The boiling-points rise in about the 
same way in the isomeric pipecolines as m the corresponding pieo- 
lines 

a- and /?-Pipecoline possess an asymmetric carbon atom. 
These are the first bodies of this class which we have as yet met 
m this rapid survey of the pyridine derivatives. 

CH2 

H.rJ CH3 

Nil 

rt-PipcLolinc 


H,C|/ ^|HC-CH3 

CHj 

NH 

/J-Pipeculine 


According to the theory of Le Bel and van’t Hoff these pipcco- 
hnes bliould present the phenomena ol sleieuisomeiism and should 
consequently be separable into then optical isomers Such a 


Ladenburg, B 17, 388, 18, 47, 910, 20, 288, A 247, i 
Granger, B 30, ro6o 
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scpaiation been acUially accomplished by a fractional crystal 
lizaiion of then bitartrates 


B. The Lutidines, C7H9N 

Thcic aic theoietically f)ossiblc nine isomeric lutidines, of 
which three aie ethylpyiidines and six dimcthylpyridincs 01 
these the thice ethyl and ri\e dimethyl derivatives are known 
a- and ^-Ethylpyridine aie formed simultaneously when pyii- 
dine ethiodide is heated to 290°. 



N N 

a Cth ylpyridine /--Cthylpi ndint 

BP convcrlLd by (»\idalion 13 P ^ ron\ crUd by oxidation 

into picolinic acid into liaonii ulinic acid 

The A-deiivative is also foimed bv the distillation of norh\clio- 
tiopidine^® (a pioduct of the decomposition of tiopme) and of 
eciijoninc'’' ovei zinc-dust 

p Ethylpyiidine is of consideiable importance, since it can be 
obiaincd as a clecomposition-pioduct fiom several ol the alkaloids 
It was found in 1855 by Williams^'"’ in the distillation of cinchonine 
and quinine with potassium hydioxide, this observation was 
latei confnmed by Wischnegiadsky and Oechsnei Konigs-® 
noted its foimation in the distillation ot meroquininc with zinc- 
dust Other investigatois -^Miave obtained the base by subject- 
ing cincho’oipone to the same tieatment 


L.uJenburg, B 26, lobg, 27, 75, 85^,, 1401), A 279, 344 
LLidcnburg, B 16, 1410, 2059, 18, 2961, '\ 247, i 
Ladinburg, B 20, 1647 
Sloi.hr, B 22, 1 126 

Williams, Chemical News, 44, 307, J 1855, S94i 1864, 437 
^MVibrhnrgradsky, B ii, 1253, 12, 1480 

27 Occhbiier, C r gi, 296, 92, 413 ^ 

28 Konigb, B 27, 000 

2 » Wenkl and Hazuia, M 3, 770 Skiaup, M 7, , 9, 78:^ 
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/ 3 -Lutidine may also be deiived hum sLiydinine and buicine 
when these alkaloids aic healed with lime oi caustic pulabh 
It IS formed when ihe \apor of iiicoUnc is conducted ihiough a 
tube heated to ledncss,^^ and it is found fuilhci in tobacco-smoke 
A simple method foi the synthesis of /9 elhylpyiidine is not 
as yet known Stoehi states that it is lormed in small quantities 
when glyceiine is heated with ammonium phosphate oi sulphate. 

/ 3 -Liilidine is a liquid which boils at i66°. Its constitution 
IS shown by its conveision on o\idation into nicotinic acid 



By the reduction of / 9 -lutidine with sodium and alcohol iIkuc 
IS loimed /?-ethyIpiperidine oi /?-lupetidincd 

This same derivative of pipeiidine may be picpaicd by a 
method fiist suggested by Gabriel,’*'* viz, by heating /?-ethyl-£- 
chloramylamine with an alkali 


HJC 

CIH^C' 



NTh 


CH, 


H.C 

HoC 


CH, 


-{- HCl 


NH 


cx- and ^-Pipeiidine have also been obtained liom the reduc- 
tion of the corresponding lutidines 

a-Pipendine, boiling-pomt 142-145°.^^ 

“ “ 154-155°^^ 

r- “ “ 155-158°“ 

‘‘^Oechsner, C r q 5, 208, 96, 200, .^7 Slorhr, [ pr 42, 399, 115 
CahouTb and Etard, C r 90, 275 
Volil and Fulenburg, \ Phaiin 147, 130 
'^Slotln, T pr 43, 153, 45, 20 

' -\ numenrlalure winch has been suggested tor the reduced pyridine bases 
IS lomied bv inserting “pe” between the hrst and second syllables in the name ot 
the unreduced base pyridine— pipcndme, lutidine— lupelidine, etc 
Gnnthen, B 31, 2134 
Ladcnbiirg, B 17, 388, 18, 2961 
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a- and /J-Pipcndinc have been separated through the bitai- 
Irates into ihcir optical isomeis 

The five dimeth3dpyridmes at present known aic found 
together in the fraction of bone-oil to which Anderson gave 
the name ot lutidine They have also been obtained from coal 
tai 

The sepaiation of these five isomers and the deteimination 
of their constitution has particularly engaged the attention ol 
a number of mvcstigatois, as Weidel and Heizig, Weidel and 
Haziiia, Ladenburg and Roth, Schulze, Ahrens, Lunge and 
Rosenbeig 

The following constitutional foimuLne may now with certainty 
be assigned these lutidines 



<»«'-DimeLhvlpyndine 
B P I 42®'-i4 ■? , IS con- 
verted by oxidation into 
dipicohnic acid 



verted hy oxidation into 
lutidmie acid 





aP' Dnnethylpvridinp 
B P IS con- 

verted liy oxidation into 
jbocinchomcronic acid 



/?/?'-Dirnethvlp\ndine /ffr-Dimcth ylpvridine 

BP i6o--i7o° lb I onverted by oxidation BP is < (inverted bv oxidation into 

into diniLotinic acid cinehnmeroniL acid 


A laige numbei of syntheses for these bases aie known We 
shall, however, refrain fiom enumerating them since none of the 
dimethylpyridincs has as yel attained any impoitance m the 
study of the constitution of the alkaloids 


Larienburg, \ 247, i GuiUhei, B 31, 2134 

Wtidcl anid Ilerzig, M i, i Weidel and Hazura, M 5, 656 Ladenburg and 
R(jth, B 18,913, 1590 Lunge and Rosenberg, B 20, 127 Ahrens, B 29, 2996 
Sduilze, B 20, 4rr 
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C. The Collidines, C^H^N. 

The numbei of collidines thcoictically possible amounts to 
twenty-two, of these but ten are known: 

Theoretically ^.ctually 
posbibie known 

Propylpyndines (normal) 3 2 

Isopropylpyiidmes 3 2 

Methylethylpyridincs 10 4 

Trimethylpyridines 6 2 

I a:-Propylpyndine. 

CH-CH„— CUj 
N 

This base was also called conyrine by Hofmann, who ob- 
tained It by distilling conine hydrochloiide with zinc-dust' 

CJ-I,7N-.CsHnN-|-6H 

runinc ConvriiiL 

Ciamician and Silbei found that gianatanme hydrochloride 
subjected to the same tieatment also gave conyrine It is like- 
wise foimcd when conine is heated to 180° with silvei acetate 
in a solution of acetic acid 

Conyrine is a colorless liquid, boiling at On 

oxidation it yields picolinic acid, it consecjucntly possesses only 
one side-chain, and this is m the a'-position Fiiither, since co- 
nyiinc is not identical with the a'-isopiopylpyiidine synthesized 
by Ladenbuig, it must be rcgaided as the noimal piopyl deriva- 
tive. 

When heated with hydriodic acid to 280-300°, conyrine is 
reduced to cr-propylpipcridmc, a liquid boiling at 166- 167°. 

Hofmann, B 17, 825, 18, lOQ 
Ciamician and Silber, B 27, 28«;o 
^OTafel, B 25, i6iq 
Ladenburg, B 19, 459, 257S, \ 247, i 
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This latlci base has also been obtained by the reduction of 
«-allyIp)aidine, of a-propioti3'lpyridme/“ and of ;'-coniceine.^^ 
It constitutes, as we shall see later (p 126), the racemic form of 
conine 

2. / 9 -Propylpyridine. 

— CH2— CH— CHj 

N 

This collidine (boiling-point 170°) is obtained by conducting 
nicotine thiough a tube heated to redness Its constitution 
IS shown by its conveision on oxidation into nicotinic acid 

A collidine piobably identical with this / 9 -derivative is found, 
accoiding to Le Bon and Noel and Eulenbuig,''^ in tobacco- 
smoke 

3, a'-Isopropylpyridme. 4. ;"-Isopropylpyridine. 



N N 


These two bases aie foimcd simultaneously when a mixture 
of pviidine and isopiopyl iodide is heated to 290° (Ladenbiirg 
a'-Isopiopylpyiidme boils at 158-159*^ and is conveited by oxida- 
tion into picolinic acid, ^'-isopropylpyiidine boils at 177-178° 
and on oxidation yields isonicotinic acid. 

By the action of normal propyl iodide on pyndinc at 290° 
Ladcnbuig obtained collidines identical with the pieceding 111- 



Engler and Bauer, B 24, 2530, 27, 1775 
LLllmann and TMuller, B 23, 680 
■" Cahours and Elard, C r Q2, 107Q, 96, 275, 97, 121S 
'®Lc Bon and Noel, C r 90, 1538 
Wjhl and Eulenburg, \ Pharm 147, 130 
Ladenburg, B 17, 772, 1121, 1679, 18, 1387, A 247, i 
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Stead of noimal propylpyiidinci., which should apparenliv be 
termed At the temperature of the leaction the piopyl radical 
IS convcited into the isopiopyl Normal piopylpyridmes can- 
not, then, be formed by this general synthesis of Ladenburg. 

5. a-Collidine. 6. ,/?-Collidine. 


CH, 



N N 


By the fusion of cinchonine with caustic potash there are 
foimed two isomeric collidines which have lecened the names 
of a- and /?-colhdine lespectivcly, and which are to be consideied 
as methylelhylpyiidines Brucine with similar tieatmeiit gives 
rise to the same two bases. 

a'-Colhdine (boiling-point lyg-iSo^^) is leduccd by hydriodic 
acid to noimal octane, and is oxidized by potassium peiman- 
ganatc to dipiculinic acid From these reactions is dcleimined 
its constitution 

/ 3 -Collidine (boiling point 195-196°) on oxidation yields suc- 
cessively homonicolinic acid (y'-methyl-^-pjaidine carboxylic acid) 
and cinchomeromc acid (j 5 y-pyridme dicaiboxyhc acid) Whence 
its constitution is as noted above. 

/ 9 -Collidine has also been obtained by heating meroqumene 
with hydrochloric acid to 240° 

7. a-Methyl-^'-ethylpyndme. 



N 


WtUiams, J 18S5 Oechsner, C r qi, 2g6, 95,298, 98,1438, 100,806. 

Konigs, B 27, 1501 
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This base (boiling-[)oint 169-174°) was piepaied by Scliiiltz 
by heating ^li-picoline with ethyl iodide to 280-300° Its constitu- 
tion IS shown by its oxidalion to lulidinic acid (pyiidine-6\j - 
dicaiboxylic acid) In the synthesis of a-mcthyl-y-cthylpyiidine 
there is toimed also an isomeric base which is probably a-collidine, 
although there seems to be considerable dilteience between their 
boilmg-pomts On oxidation this isomer is converted into 
dipicolinic acid 


8. Aldehydine, or Aldehyde Collidine. 



N 


This collidine (boiling-point 173-174°) Adoi and Bae}'er^‘ 
piepaied m 1870 by heating an alcoholic solution ol aldeh^xlc- 
ammoma to 120° 

4C,H7N0 -> CJ-IHN-I-4H3O+3NH3 

Its constitution was determined by Durkopf in 1S85 as 
a!-mcth\l-/?'-ethylpyndine With potassium permanganate it is 
convcitcd fiibt into a-picoline-/ 3 '-caibo\ylic acid and then into 
isocinchomeiomc acid (pviidine-a'/S'-dicaiboxylic acid) 

The foimation of aldehydine m the above leaction may be 
explained as follows 

The aldehyde-ammonia doubtless dissociates into its two 
constituents The aldehyde thus set at libeity condenses with 
a second molecule to ciotonaldehydc 

CH3— CH=CH— CHO 

The latter then leacts with the ammonia with the elimination 


Schultz, B 20, 2720 

Ador and Bacser, A 155, 294 
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of two molecules of watei and the migration of a hydrogen atom, 
as In the formation of /9-picoline (sec p 34 )’ 


CHO 

CH.— CH==CH^H 


CHO CH— CH3 
NH, 


CH 

CH,-CH,-c/ \CH 

HC\^/ C— CH3 

¥ 


4 - 2H.0 


Since the woik of Ador and Bacyei, a large number of other 
methods for synthesizing aldehydine have become known The 
most of these depend on a condensation similar to that just con- 
sidered. The following may be mentioned as the most impor- 
tant 

The action of ammonia on ethyhdcnc biomidc or chloride 


4C NH3->C«H, iN + 8HB1 


The action of ammonium chloiide on glycol 01 on paralde- 
hyde 

NH^C1->C8H,iNHC1-1- 8H.>0 

The distillation of aldol ammonia 

2C,H80>NH,~.C8H,,N4-4H,0 + NH3 

The action ot phosphoric anhydiidc on a mixtuie ot paralde- 
hyde and acetamide 

The condensation of aldeh}de-ammonia with pat aldehyde 
The base is best puiilk^d by the method given by Knudsen 
When aldchyr me is reduced with sodium and alcohol there 
aie foimed two stcrcoisomeiic methylethylpipendmes (copellidine 
and isocopellidme) Each of these inactive copellidmcs can be 


‘'“Kramer, B 3, 262 Tawildainw, X 176, 15 
Hufmann, B 17 tqo<^ 

Plochl, B 20, 722 
WurLz, C r 95, 263 
^’“HcsckiLl, B 18, 3091 
Duikopf, B 20, 444 
Knud ben, B 28, 171^9 
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scpaialcd inLo two optically active foims by crystallization of 
then bitaitiatcs, so that, in all, six forms appeal to exist, four 
c^ptically active, tw'o inactive This isomciism is to be explained 
by the lespectuc positions (cis and trans) of the tw'o side-chains 
with icgaid to the plane of the pipeiidine img 

9. Symmetrical Tnmethylpyndme. 



This base (boiling-point 171-172°) is tound in coal-tar'^’’ It 
may be synthesized by heating acetone wnth ammonium chloiide, 
uica,''^ 01 aldehyde-ammonia'^’ 

The most impoitant method ot prcpaiing symmctiical tii- 
mcthylpyiidine, how'e\er, was developed by Hantzsch'^" m the 
couise of his study ol the condensation-pioducts lesultmg fiom 
the intciaction of aceto acetic ester, aldehyde, and ammonia 
His study led to a gcncial synthetic method which has proved of 
the highest ^'alue m deteimimng the constitution of many deriva- 
tives ot the p)iidine senes. 

In 1882 Hantzsch observed that aceto-acetic ester and alde- 
hyde-ammonia easily leact with each other at the temperature of 
the \vater-bath. 

2 C,H ,,03 - 1 - QH.NO-^C.A.NO, d- 3 HA 

Aceto acetic ester Aldthvdc-immunia 

A study of the pioduct, CijH2lNOi, sho^ved it to be a pyridine 
dcnxative, indeed, the ethyl ester ol a dihydrocollidine dicarboxyhc 

Lev\ and Wolhenbtcin, B 28, 2270, 2Q, 1959 
Mohlcr, B 21, loot) Ahrens, B 28, 795 
Rich in, A 238, I 
Durknpf, B 2r, 27X3 
Hantzsch, B 15, 2014, A 215, i 
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acid When this was gently oxidized, it lost two atoms of hyclio- 
gen and was converted into an ethyl ester of a collidine dicai- 
boxylic acid, which proved to be tiimcthylp) ridine dicaiboxyhc 
acid 

C, 4 H,,NO,-f 0->QN(CPl3)3(C00C,H3),+ I-LO. 




Tins ester, 


CstlsOOC— I 

CH, 


-COOCoHd 
-CH, ’ 


was then saponified 


N 


and, by heating with lime, con vei ted into symmetrical tiimcLh}!- 
pyridmc (aya') 



On further study Hantzsch found that the above reaction wus 
a general one and”that not only acetaldehyde but all aldch)des 
w^ould condense wath aceto-acetic ester and ammonia to foim 
deiivativcs of pyridine. 

The condensation with bcnzaldehyde proved paiticulaily in- 
structive in affoiding an insight into the mechanism of the reac- 
tion and m determining the position of the side-chains in the 
derivatives formed 

Benzaldehydc, aceto-acetic ester, and ammonia react accoi'ding 
to the following equation 


2 CH 3 — CO— CH— C00C,H,+ C,H 5 — CHO + NH,-^ 

C,U,N(C,Ti,) (CH3),(C00C,H,)3+ 3 H 2 O. 

When this reaction-product is oxidized there is formed the ester 


”■* HfintzscVi, B 17, 1512, 2Q03 
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of pheiiyllutidine dicarboxylic acid, C5N(CoH5)(CH3)2(COOC2H5)2. 
This ester is saponified and then oxidized with potassium peiman- 
ganate, wheieby it is converted into the tetiacarboxyhc acid of a 
phcn) Ipyiidine, C5N(CoH.5)(COOH)i The calcium salt of this 
acid on distillation }ields a phcn) Ipyridine, 

Now, this phenylpyndme by the action of stronger oxidizing 
agents is converted into isonicotinic acid, it is consequently 
;-phcnyl[)yiidine 

From this Hantzsch concluded that the condensation of benz- 
aldeh}de with ammonia and aceto-acetic ester takes place in such 
a way that the radical of the aldehyde occupies the j^-position with 
lespcct to the nitiogcn atom The leaction leading to the 
formation of the ester oi phenyllutidme dicarboxylic acid he 
accordingly lep resents as tollows: 


CoH, 

CHO 


C^H.O—CO—CH 

I 


CH3-CO 


NH, 


CHo— CO— OC2H, 
CO— CH3 




o 


CjHcO— CO— C 
CI-L— C 


C— CO— OCjHg ^ 
C— CH, 


N 


The general formula for the condensation-product of any 
aldehyde, X— CHO, may consequently be thus represented. 


c^^ooc-r 

CH^-n 


COOC2H5 


N 


By condensation with propionaldehyde, isobutyraldehyde, 
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valeraldehyde and cinnamic aldehyde, Hantzsch and his sLurients^® 
have prepared numerous deiivativcs in which X oi ihe general 
formula is replaced by Lhe radicals C2H5, C3H7, C Hy, 

These condensations can naturally be extended in vaiious 
ways and the pioducts of condensation may, by paitial or com- 
plete oxidation of the side-chains, by the elimination oi caiboxyl 
groups, etc , give rise to a multiplicity of pyridine derivatives. 
A discussion of these, however, lies beyond the piovince ot this 
work. 

According to the investigations of Bcyei and latei those of 
Knoe\enagel,®^ the foregoing condensation of Hantzsch may 
take place in the following phases* 

The aldehyde-ammonia acts upon the aceto-acetic ester to 
form cthylidene-aceto-acetic ester: 


CH3CO— CH2COOC2H5 -1- CH3CH 


/OH 

\NH2 


CH3CO-C— 

CH— CH, 

Ethyliderie acctu-acLtic ester 


The ammonia thus liberated reacts in turn with aceto-acetic 
ester, giving rise to /?-amidocrotonic estei . 


CH3C=CH COOC2H5+ NH3 CH,C=CHCOOaH,+ H.O. 

1 I “ ' 

OH NH, 

^ Amidocrotonic ester 


Lastly, the ester of dihydro-collidine dicarboxylic acid is 
produced by the condensation of ethylidene-aceto-acetic ester 
and /?-amidocrotonic ester: 


H 

C— CH, 


yC. — CH3 

C2H5OOC— C CH— COOC2H5 C2H5OOC— Hc/ ^C—COOCJHb 


C-CH3 


CHa— CO ^c— CH3 
NH, 


®Hlichael, A 225, 121 Voigt, A 228, 29 Engelmann, A 231, i Epstein, 
A 231, 137 Weiss, B 19, 284, 1305 
“ Beyer, B 24, 1662 
Knoevenagcl, B 31, 738 
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H 

C~CH, 

CsHjOOC— C.j^^ C— COOCjHb 
CH -C''^ j'c-CH, 

NH 

Ester of dihydro-colLdmc dicirbuxyljc acid 


10 a7/3'-Trimethylpyridine. 



N 


This base is found in coal-tai/® iL boils aL 165-168° Its 
constitution is shown by its coin-ersion to berberonic acid when 
oxidized with potassium permanganate 


Alcamines, or Alkines. 

With these names Ladenburg designates compounds which 
contain both an alcoholic h\Tlro\yl and an amide group In 
the pyiidinc senes m paiiiciilar arc thus indicated the dciivatives 
having a hycUoxyl in a sidc-chain 

These bodies arc of considerable interest m then relation 
to the alkaloids, since among the lattei are found certain alc- 
ammes, cs conh3Tlrinc and fuithei tiopinc, a decompositiun- 
piodiict of atropine A numbei of attempts have been made to 
synthesize such alcammes m oidci that by comparison we might 
attain a fuller knowledge of the natuial alkaloids In most 
cases, howevci, only isomeiic deiivalives have been obtained 
These attempts ha\c, nevertheless, alloided some veiy inteicst- 
ing contributions to the chemistry of the alkaloids, consequently 
they arc worthy of consideration 


Xlirens, B 29, 2996 
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Two processes have thus fai been eniplo3Td to obtain the 
pyiichne alcamincs 

The fust depends upon ihe condensation of aldehydes with 
homologues of pyndine The leaction takes place, hov\evei, 
onl} in the case ol the a substituted pioducts, and geneially in 
such a way as to give rise to an iinsatiiialcd compound, the oxygen 
ol the aldehyde being eliminated with two h}diogen atoms Irom 
the side-chain ol the pyiidinc deinative. In this way a-picolinc 
and acetaldehyde lorm a allylpyndine 


C,H,N— CH3+ OCHCH3 C,H,N— CH CH— CH,-f-H,C) 

n-Picohrit* Acet jldchydv? (i-Allylpyt ilIhil 

This leaction, howevei, takes place ic\illy in two successive 
stages In the first theie is a simple addition ot the two molecules 
to loim an a lea mine 


QH.N— CH3+ OCHCH, C,H,N— CH -CHOH— CH, 

a Picolmc Acetaldi^hydL a-PicoJvl niLtliyl alcaminL 

But this substance, being unstable, loses a molecule ol watci 
and IS converted into the unsaturated deiivativc 

C,H,N— CH — CHOH— CH3 C J-I,N— CH=CH— CH3+ H ,0 

By using certain precautions Ladenbuig succeeded in ancst- 
ing this reaction m its lust phase He accomplished this by 
ellccting the condensation ol the aldehyde with the base in the 
piesencc of watei and at a tempeiature ol 150-170°. 

The second process which has been employed m preparing 
the alcamines is the reduction of the coi responding ketones by 
means of sodium amalgam 

C,H,N— CO-C Ji.H- 2H C,H,N— CHOH— C J-Is 

Propionvlpyndine Pyndyl ethyl alcamine 

The alcamines ol pyridine aie in part solids, in pail liquids, 
which, in general, can be distilled without decomposition only 


®®Englcr, B 24, 25:10, 2536, 27, 1775 
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under diminished piessiiie They are soluble in ^vater and in 
alcohol, insoluble 01 liLtlc soluble in ether Under the influence 
o[ heal 01 dehydiating agents they leadily lose a molecule ol 
watei Tieated in alcoholic solution with sodium, they add 
hydiogen and aie conveiled into alcamines ol pipeiidine 

Ot the many alcamines which have been picpaied we will 
mention only ihobe which beai an isomeiic lelation to some of 
the natuial alkaloids 

I a'-Picolyl Alcanune, CJi^NO—This body was obtained 
by Ladenbuig^^^ by the condensation ol a'-picohne with formal- 
dehyde 


/\ 


/\ 

1 1 

-fCH/J 

1 1 

\ 

r 

0 


\ y— CH,— CHOH 

N 



rt PlCOllllCi 

Forma Idelivdc 

Q-Picolyl alcamme 


It loims a non-ci}slalhzing, siiupy liquid which boils at 
179° iindci a picssuie ot 25 mm On icduction with sodium 
and alcohol, it is conveiled into a-pipccolyl alcanune (luclting- 
[loint 3i“V2° boiling-poiiu 234° 5) As a secondaiy base this 
latter reacts with potassium methyl sulphate, the imide hydro- 
gen being exchanged foi the methyl gioup. Thcie is thus foimed 
'/Muethyl pipecolyl alcamme 

CH, 

H,c/ 

yCLl-CH— enroll 
N 

I 

CHt 

a liquid boiling at 225-226° 

The i elation which this last substance bears to ti opine, 
CyHjr.NO, a sapomlication-piodiict of ati opine, gives it pai- 
ticiilar inteicst In composition it diflcis fiom tiopme only by 
the addition ol two hydiogen atoms, and in its chemical and 


"'J Ladenbuig, B 22, 2583, 24, 1619, 26, 1060 
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physiological behavioi it so closely lesemblcs this alkaloid that 
Ladenburg was led to name it hydro!) opuic All aUempts to 
convert it into tiopine, howevei, pro\e(l fuiitless When it 
IS gently oxidized with potassium Icrncyanide oi hydrogen 
pel oxide, hydrotropinc loses two atoms of hydrogen and there 
aie foirned two isomeric bases, paraliopinc and a-tiopinc^'^'^ 
which bear the same empiiical tormula (CgHigNO) as tiopine 
2. w-Methyl a-Pipecolme /J-Alcamme. — Anothci akaminc iso- 
meric with atropine has been synthes]ze<l by Lipp tiom the 
condensation of tormaldehyde with ^i-methyltetiahydio-a'-picolinc. 
Lipp assigned to the base which he obtained the following 
constitution: 


HoCj 

HnC! 


CH, 


CH 

C— CI-L- 


-CH,OH 


N 


::h. 


This tetrahydio-alcamine can be reduced to the hcxahydio- 
dcrivative, and thelattei by elimination of one molecule oi water 
IS converted into a substance which Lipp consideicd to be a 
n uiclhylvuiyl pipe) 

Ficni the investigations of Ladenbuig’^ it appears that 
Lipp’s base IS to be regarded as a /?- and not an a'-alcamine. 
Ladenburg found that when reduced it yields n-)vclhyl-^-ethyl- 
piperidme: 

CH, 

CH— CH„— CH, 

HjCl^yCHj, 

N 

I 

CH, 


Ladenburg, B 22, 2583, 23, 2709 
■^Lipp, B 25, 21Q0, 2TQ7, 31, 589, A 289, T73, 294, 135 
’3 Ladenburg, B 31, 286, A 301, 117 
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Distilled over zinc-dust, this deiivativc of piperidine gave 
(3 etliy’pyf idine, whose constitution was further confiimed by 
its oxidation to nicotinic acid 

Ladenburg consequently formulates Lipp’s reaction as 
follows 





N 


I 

CH3 

H-Methyl-a-pipecoleine 


HCHO -> 


CH^ 

HjC/'Nc— CH jOH 

yC-CH, 

N 

I 


CH, 


n-Merhyl ^-pipctoleine /?-alcamine 


Reduction converts the pipccoleinc into the coriesponcling 
pipecolme which, when water is eliminated, is legarded as 
forming not a vinyl- but an ethylene-pipendmc* 


CH> 

H,c/\cH~-CHnOH 




N 


^CH— CH, 


H-Mcthyl «-pipecoline /?-alcamme 



CM— Cr-L 
I “ 

CH— cr-T> 


+ H„0 


CH, 

7) -Me t h yl-a/3-et h yknc-pipc nciane 


3 a:-Lutidyl Alcamme. — This dcrn^ative was piepaied by 
Ladenbiiig and Adani^' by heating a'-ethylpyiidine w'lth an aque- 
ous solution ot iormaldchyde to 160° It is a liquid which boils 
at 138-141° under a pressuie of 17 mm By reduction it is 
converted into a-liipehdyl akiwiinc (boiling-point 232-234°) 


CH. 


H^C 

H,C 


JcH— CHo- 


N 

H 


4. n-Picolyl Methyl Alcamme. — This was obtained by Laden- 


Ladenburg and Adam, B 24, 1671 
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buig’^ from the condensation ol acetaldehyde witha-[)icoliLie. It 
ci}stallizcs in prisms melting at 32° On leduction ji foims 
a-pipecolyl methyl alcaniine (melting-point 45-47°): 


CH, 


H^cr hCHn 

CH~CHOH— Cr-13 

N 

H 


g. a'-Ethyl Pyridyl Alcamine — This alkine results from the 
reduction ot 6r-[)iopionylpyiidine/“ which is picpaied by dis- 
tilling a mixtuie of the calcium salts ul picolinic and propionic 
acids It boils at 213-218° undci almosphenc piessiiie On 
reduction with sodium, the alcaminc is conveited into two steieo- 
isomeiir ethyl pipcndyl alcammes One of these melts at 99-100°, 
the other at 70-71° 

CHa 

HaC ^ CH— aroH— cii ci-r , 

H 

^^Ladenburg, B 22, 25S3, 23, 2709 
Englcr and Bauer, B 24, 2530, 27, 1775 
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CARBOXYLIC ACIDS OF PYRIDINE 

The caibox3Tic acids of pyridine aie dciived from that base 
by introducing the caibo\yl gioiip, — COOH, in place of one or 
moie atoms of hydiogen All the acids heie theoietically [lossi- 
ble aic known and then constitution has been deiinilely deter- 
mined They aie ioimed in geiieial by the oxidation of [lyiidine 
dciivativcs which possess a side-rham oi Mde-chains A knowl- 
edge ol then constitution is consequently ol the highest importance 
in the chcmistiy of the alkaloids, since it enables us to determine 
the numbci and the position of these side-chains, as we have 
alieady seen in the preceding chaptei 

These acids are solids, exhibiting at the same time an acid and 
a basic chaiacter With an incicase in the number ot carbox>l 
ladicals, the basicity naturally decicases On distillation with 
lime they are all decomposed into p}iidine and carbon dioxide. 
This decomposition is bi ought about in some cases by the action 
ot heal alone Polycaiboxyhc acids, heated abo\e their melting- 
point, aie geneially con veiled into monocarboxyhc acids Under 
these conditions it is usually the caiboxyl m the a position that is 
eliminated fust 

As a furthei distinction fiom the othei caiboxyhc acids ol 
pyiidme, the n:-denvati\es give a coloi-ieaction with feiruus 
sulphate 

A. The Monocarboxyhc Acids of Pyridine, 

CoHsNOa— C,H,N(COOH). 

Theoretically theie aic three monocarboxyhc acids of pyii- 
dme, all of these are known. They may be foimed eithci by 
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oxidizing a pyiidine dciivative having one side-chain, or by heat- 
ing a polycarboxylic acid. 

I. Picolimc acid (a-pyndine carbox)dic acid) : 



Picolmic acid may be formed 

I By oxidizing many of the a'-substilution derivatives of pyri- 
dine. 

2. By the action of boiling acetic acid on dipicolinic acid 
(page 65) ' 

3. From the treatment of dichlorpicolinic acid with hydnodic 
acid, dichlor[)icolinic acid results lioni the action of phosphoius 
pentachloiide on comenamic acid (page 21) " 

Picolinic acid ciystallizes in prismatic needles, which melt at 
137°, It IS easily soluble in water and alcohol, almost insoluble m 
ether, with ferrous sulphate it gives a yellow coloration, and with 
copper acetate a violet piecipitatc. 

When the acid is heated with lime or alcoholic potash it is 
decomposed into jiyridine and carbon dioxide 

The position oi the carboxyl in picolmic acid was delinitcly 
determined by Skraup and CobenzP in the following way 

a -N ap h tliy lami ne , 



NH3 


on condensation with glycerine according to the gencial process 


^ Hant^srh, B i8, 1744 

^ Osl, J pr 27, 257 

’ Skraup and CobenzI, M 4, 43b 
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of Skiaiip (bee page 82), yields a-naphthoquinoiine, 



whose constitution is established by Us mode of formation 

When A-naphthoquinolmc is oxidized it is converted by rupture 
of the innei ring into a-phcnylpyiidine dicarboxylic acid: 


COOH 

COOH 


N"\/ 


On distillation of this acid with lime, carbon dioxide is elimi- 
nated and there is formed a phen3dpyridme m which the phenyl 
gioup must occupy the a-posiLion. 



Fiom this phenylpyndme by energetic oxidation, picolinic 
acid is obtained, whence the acid must needs be an a'-deri\ative 
of pyudinc 


COOH 



2 Nicotinic acid (/?-pyridine carboxylic acid)* 


—COOH 
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Modes of foimalion. 
a By the oxidation of nicotine/ 

b. By the oxidation of pilocaipine/ 

c. By the oxidation of hydrastine “ 

d. By the oxidation of berbeiine^ 

c By the oxidation of a large numbci of artificial pyridine 
deuvatives 

/. By the action of hydrochloric acid on trigonelline ” 
g By fusion of /?-pyridine sulphonic acid with potassium 
cj/'anide and saponification of I he nitiile thus formed “ 

h Fiom oxynicotimc acid by ti eating it successively with 
phosphoiLis oxychloride and hydnodic acid The oxynicotinic 
acid IS formed by the action of ammonia on coumalic acid (page 

2l) 

/ By the action of heat on the following dl- and tn-caiboxyhc 
acids* quinolinic acid, cmchomeronic acid, isocinchomeronic 
acid, chmcotinic acid, and beibcionic acid (see page 6i et seq ) 
The constitution of nicotinic acid is shown liom its ioimalion 
when quinohnic acid is heated “ Since the latter is an a^fl-cai- 
boxyl derivative of pyiidine, the acid which is obtained by the 
elimination of one molecule of carbon dioxide must have its 
carboxyl group either m the ci- or position. But, as has been 
indicated, the a-deiivative is picolinic acid, consequently the 
isomer, mcotimc acid, must be the /3-acid 

The constitution of nicotinic acid may also be derived from 
that of /? naphthoquinolme by a senes of reactions analogous 
to those employed in determining the constitution of picohnic 
acid 


^ Hiibfr, \ 14T, 277 Wcirlel, A 165, 330 Laiblin, A 196, 134 
® Hardy and CaliriLls, C r T02, 1562 
® Schmidt aJid Wdhtlm, A Pharm 226, 329 
^ Sclulbach, J iSS6, 1722 
” Jahnb, B 20, 2S40 
® C) Fischer, B 15, 63 
von Pcchmann and Welsh, B 17, 2384 
HoogewerlT and van Dorp, R i, t, 107 
SLraup and Vortmann, M 4, 
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/3-NaphthylaTrmie 



I i 

\/N 


0 - Naph thoq u t nohne 


COOH 

COOH 


N 


/S-Phenvlp> ndme 
dicarbu\ ylic acid 



;3-Plienylpvndine NicoLinic acid 


Nicotinic acid crystallizes in needles (melting-point 22g^) 
which aie insoluble in ethei, little soluble in cold watci, but 
leadily soluble in alcohol and in boiling water Its solution 
on the addition of copper acetate gives a light blue piecipitate 
ut the copper salt 

3 Isonicotinic acid (^'-pyiidine carboxylic acid): 


coon 



N 


Modes of foimalion 

a By the oxidation of a large number of /--derivatives of 
pyiidine 

h By the paitial decomposition of a numbei of di-and tri- 
carboxylic acids Intidmic acid, cinchomeionic acid, carbocm- 
chomeionic acid, carbolutidinic acid, and bcrbeiomc acid (page 
6i ct seq ) 

c By the successive action of phosphoius pentachloride 
and hydiiodic acid on citrazmic acid, C6H2(OH) .NCOOH (sec 
page 157) 


Bchrmann and Hofmann, B 17, ^6Si 
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Isonicotinic acid loims needles which melt at 306^, it is 
very chlllcultly soluble in watei, alcohol, and ethei , its copper salt 
IS green 

The position ol the caihoxyl gioup in isonicotinic acid is 
shown mdiiccll} The piool in geneial depends upon the 
exclusion ot the othci possibilities In picolinic and nicotinic 
acids the carboxyl occupies lespectively the a- and /V-positions, 
consequcnll} the thud foini theoretically possible must ha\e the 
caiboxyl in the ; -position 

Hydrated Monocarboxylic Acids of Pyridine. — Like pyiidine 
itself, the carbo\\lic acids of p\ridine icadily add hydiogen 
As yet, howe\er, no dihydio-deinxUne has been piepared 

01 the /c/rohydro-deiivatives, we may mention here n-mclliyl- 
lelraliydroniooluiLc acid : 


H 

C 


HC 

HC 



C— COOH 
CH 


N 


CHn 


Jahns obtained this acid together with the hexahydio- 
dcrivative by the reduction of nicotinic acid methyl chloiidcMMth 
tin and hydioclilonc acid The body is identical with a natuial 
alkaloid, arecaidine (see p 152) 

The three theoretically possible hcxahydio-pyridine mono- 
caiboxylic acids, 01 pipeiiduie monocarboxylic acids, are formed 
by the leduclion of the three pyridine monocarboxylic acids with 
sodium and alcohol They are wclhcrysLalhzed bodies, easily 
soluble in water, they possess partly a basic, partly an acid 
charactci, with nitrous acid they form, like other secondary 
bases, nitrosamines 

a-Pipciidine carboxylic acid, or pipecolinic acid, melting- 
point 258°. 


“Jahns, K Pharm 229, 669 
Ladenburg, B 24, 640, 25, 2768 
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/?-Pipcridine caiboxylic acid, or mpccotuuc actd, melting- 
pomL 249-250° 

^''-Pipciidine carboxylic acid, or isonipecoUnic acid, melting- 
point abo\'e 320° 


B. The Dicarboxylic Acids of Pyridine, 

C7H5N0,~-QH3N(C00H)3. 

The six pyridine dicarboxylic acids Iheoielically possible 
arc all known. They are foimcd in gencial by the oxidation 
of pyiidine dcuvativcs having two side-chains. 

Distilled with lime, they arc converted into pyiidine, healed 
alone, lliey oidinauly lose one molecule of carbon dioxide and 
yield monocaiboxylic acids 

For a long time the constitution of these acids was hidden 
in obscurity, to-da} this question may be legaided as solved, 
thanks to the woik of Hanlzsch and his students 

I. Quinolinic acid (a/^-pyndine dicarboxylic acid)* 


COOH 
J— COOH 


This acid crystallizes m anhydious pi isms which melt with 
decom[)osition at 192° and are thereby conveited into nicotinic 
acid It is little soluble in watci, alcohol, and ethei , its aqueous 
solution is coloied oiangc by non sulphate 

The acid is iormed by the oxidation of quinoline itself, or 
ol quinoline derivatives in which the side-chains aie attached 
to the benzol nucleus It is most advantageously prepared by 
the oxidation of alizaiin-indigo-bluc with nitric acid 


Iloogewf rtf and van Dorp, R i, i, 107, B 12, 747, \ 204, 117 
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The position of the carboxyl groups in quinolinic acid follows 
directly from its formation from quinoline (see p 79). 



Quinoline 


COOH 


N COOH 
Quinolinic ncid 


This acid is then the direct analogue in the pyridine scries 
of phthalic acid in the benzol senes When heated, however, 
it does not foim an anhydride, but, owing to the instability of the 
a:-carbo\yl, IS decomposed into carbon dioxide and nicotinic acid. 

The anhydride of quinolinic acid may nevertheless be ob- 
tained by tieating the acid with acetic anhydiide It foims 
prisms melting at i34°.5 and shows all the inactions chaiacteristic 
of phthalic anhydiide (lormation of nuoiescem, condensation 
with aiomatic hydrocarbons in the piescncc of aluminum chlo- 
ride, etc ) 

2. Cmchomeromc acid {pj pyridine dicarboxylic acid) 

COOH 

—COOH 



Cmchomeromc acid is obtained quite frequently as a decom- 
position-product of vaiious cinchona alkaloids, fiorn the action 
of nitric acid on quinine, cmchonidme, cmclionme, and apoqiii- 
nine,'^ from the oxidation of cinchoninic acid, which is dciived 
fiom cinchonine by the action of chiomic acid,^*^ and fiom the 
oxidation of /?-collidine, whicli can be piepaied from mcro- 
quinenc 

Other sources trom which cmchomeromc acid may be ob- 
tained aie 

Bernlhbtn and Mettegang, B 20, 120S 
^®Wejdel, X 173, c)6, B 12, 1146 konigs, B 30, 1326 
Skraup, B 12, 1107 

^“Konigb, B 27, 1501 OcclisriLr, Bl 42, 100, 43, too 
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a The oxidation of lepidine 

b. The oxidation of isoqiiinoline and of dimethox) isoquin- 
ohne 

c The action of hydrochloric acid on apoph}llenic acid, an 
oxidation pioduct of cotaiiiinc 

d The decomposition by heat of a-caibocinchomeronic acid, 
of /?-caibocinchomeionic acid, and of berbeionic acid (page 67 
et sell ) 

Cinchomeionic acid crystallizes in prisms, little soluble in 
watei, insoluble in ether The a([ueous solution is not colored led 
by fciious sulphate 

The ciystals melt with decomposition at 258-259'^, the resi- 
due contains a mixtuie of nicotinic and isonicotinic acids This 
shows that the two carbox^'ls in cinchomeronic acid occupy the 
same [lositions as those in nicotinic and isonicotinic acids, viz , 
the /?- and ^'-positions 

Cinchomeionic acid like quinolinic acid is accoidingh an oilho- 
pyndine dicaiboxyhc acid and toims an anh}dricle when it is 
heated with acetic anhydride This anhydiide crystallizes in 
plates which melt at 77-78° Like its isomer, it gives the same 
geneial leactions as phthalic anhydiide 

While the pyridine ring is in geneial quite stable, WeideP^ suc- 
ceeded \)\ a veiy simple leaction in eliminating the nitiogen atom 
in cinchomeionic acid When the acid is treated with sodium 
amalgam it is converted into cinchonic acid 


COOH 

1 

c 

C— COOH 

;'c 

N 

Cinchomcronic aLid 


COOH 

I 

CH 

U,cY '■'CH— COOH 
OC\ CH, 

O 

Ciiiclidmo and 


Huugcwull and \an D()r[i, R 2, i 
HoogLWcrll and \ in Dorp, R 4, 281^ 
Vonginrblcn, B 13, i6:;5, A 210, yy 
Guldscl^midt. ^ind Slrjchc, TM 10, 156 
“''WLidLl, B 12, 1146, M 13, 57(S 
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By the reduction of cinchomeionic acid with sodium and alco- 
hol and subsequent heating at 190° with potassium hydio\idc foi 
several hours, Konigs obtained hexahydvocinchomc'i onit acid, which 
he later identified with inactive loipunic acid, an o\idation-pioduct 
of cinchonine. 

3. Lutidinic acid (a^^-pyridine dicarboxylic acid). 


COOH 



—coon 


This acid has been obtained by oxidizing a lutidine fiom coal- 
tar, also by oxidizing several other derivatives It is little 
soluble m w^ater, easily soluble in alcohol, insoluble in ethci, sul- 
phate of iron colors its solution yellowish uiangc 

The acid ciystallizcs in leaflets with one molecule of watei 
In the anhydrous condition it melts at 239°, at the same time 
decomposing into carbon dioxide and isonicotinic acid This 
proves that one caiboxyl occupies the ^''-position, the other must 
be in the a-posilion, since it has just been shown that the 
;'/ 3 -isomer is cinchomeionic acid 

4 Dimcotinic acid {'/?j6''-pyiidme dicaiboxyhc acid) 

HOOC—/'\-COOH 



This acid forms crystals which are little soluble in water and 
ethei, it melts at 323° with decomposition into carbon dioxide 
and nicotinic acid 

Dinicotmic acid may be formed by heating carbodinicotmic 
acid to 150^ (page 70) 


HOOC- 


— COOH 
COOH 


N 


’ Hantzsch and Weiss, B 19, 284 
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Accoicling to this mode ot synthesis the acid must be either 
an a//- or a /?/?'-cleu\ativCj since the remaining possibility, a/?- 
pyricline dicaiboM^lic acid, is quinolinic acid In view of the fact 
that the t>!-caiboxyl is always the more easily eliminated, it is safe 
Lo considei such to be the decomposition here Dmicotinic acid 
IS consequently a /?/3'-derivaLi\ e 

The acid is also foimed by healing a/?a''i 5 '-pyiidine tetracar- 
bo\yhc acid 

HOOC— |/\-COOH 
HOOC— COOH 

5, Isocinchomeronic acid (a/ 5 '-pyiicline dicaiboxylic acid) . 



— COOH 


Isocinchomeionic acid aiiscs as an oxidalion-product of alde- 
hydinc,” also of a liitidine from coal-tai,^'* it is further obtained 
li}' heating caihoisocinchomeronic acid '"■* It is lillle soluble m 
alcohol, almost insoluble in cold watci, and insoluble in elhei, 
with ferious sulphate a led coloiation is produced It cr3'stallize3 
with one molecule ot watei in leaflets, melting at 236-2,37", at 
highci tempeiatures ensues decomposition into caibon dioxide and 
nicotinic acid One carboxyl gioup stands consequently in the 
/ 3 -position The other must occupy the a'-posilion, since the ihiee 
remaining possible positions have been assigned Lo the acids quino- 
linic {a§), cinchomeronic (/?;), and dmicotinic 

6 . Dipicolinic acid (tia'-pyndine dieaiboxylic acid) 



^Durkopf and ScliUngk, B 20, 1660, 21, 294 
’«Wudcl and Hctzjg, M i, 4 . 6, 976 
'“Weiss, B 19, 1311 
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The sjxLli and Iasi pyridine dicarboxylic acid is fornied by 
the oxidalion of a lutidine m coal-tai,^*^ of a-colbdine,®^ and of 
some olhci act'-derivatives It occiiis in needles which contain 
molecules of water of ciy^stallizalion and which when clued 
melt with decomposition at 236°. It is little soluble in waterj 
alcohol^ and ether, and is colored red by the addition of ferrous 
sul[)hate 

The constitutions of the five preceding acids having been 
established, theie remains for dipicohnic acid only one possible 
position for the two caiboxyl groups, viz , the aa! , This indirect 
pioof IS fui tiler suppoited by the fact that, when the acid is 
heated, pyridine is foimed immediately without the internicdiale 
separation of a monocaiboxylic acid, as in the case ot the other 
dicaiboxylic acids of pyndine 

It may be noted furlhermoie that Hantzsch®^ by the action 
ol acetic acid on dipicolinic acid has olitaincd picohnic acid in 
small C][uantities. 


C. The Tricarboxylic Acids of Pyridine, 


C3H5NOe-QI-bN(COOH)3 


According to theory thcie should be six isomeric pyridine 
Incaiboxyhc acids , all these aie known Their constitiuion 
has been established as in the case of the dicarboxylic acids by 
the work of Hantzsch and his students Of these acids two, 
61-caibocinchomeronic acid and btrberomc acid, result as oaicLl- 
tion pioducts ot natural alkaloids, the otheis have been synthesized 


Lunge and Rosenburg, B 20, 127 
Occh^ner, Bl 42, 100 Srhultz, B 20, 2720 
^“Hantzsch, B 18, 1744 
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I. cv-Carbocinchomeronic acid (a/^ppyridine tricarboxylic 
acid) : 

COOH 


COOH 

-COOH 


This acid was fiisl obtained in 1874 by oxidizing cinchonine 
with nitric acid Latei it was prepaicd b} the oxidalion of 
several other cinchona alkaloids (quinine, quinidinc, cinchuni- 
dine)'"*' and their dernatnes, cindioninic and quininic acids'^"’ 
It IS also foimed by the action of potassium pcimanganate on 
papaveiine and on lci)idine 

The last method ot fuimalion establishes the position ol the 
carboxyl gioups in ci-caibocinchomeronic acid Since lef>idirie 
is ;"-meLhylquinoline, the acid resulting liom its oxidation must 
Ijc a'/?7“pyiidine tiicaiboxylic acid 

COOH 

/i^^COOH 
V^COOH 

Lepidinc or-Carbocmcliumerumc acid 



«-Caibocinchomeromc acid crystallizes in plates with A 
molecules of water The anhydrous acid melts at 249-250° 
and IS at the same time converted into cinchomcronic acid liy 
loss ot the n;-caibo\}l gioup 


’nvcidcl, A 173. loi. B 12, 415 

’< Hnogewtrll and van Dorp, A 204, S4, B 12, 15S, 1287, 13, 1S2 Ramsay 
*uid Dobhie, Soc 35, iSy 

^'^Skraiip, M I, 1S4, 2, 600, A 201, 308 
CioldbchmiLclt, TM 6 , 372 , q54 
3 ’ Huuge^\ertf and van Dorp, B 13, 1640 
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2. / 3 -Carbocincliomeronic acid (/ 3 ;'/ 9 '-pyudine 
acid) : 


COOH 




Lricaibo\3dic 


Weber prepared this acid by healing to 220° the di-potas- 
sium salt ot pyridine pentacarbo\yhc acid. 


COOH 


HOOC— 
HOOC— J 


N 


—COOH 
— COOII 


The two molecules of carbon dio\ide which aic thus ehniinalcd 
come undoubtedly from the carboxyls which occupy the cia'-posi- 
tions From this it follows that the acid is a /9;7'9'-dciivative oi 
pyiidine 

Carbocinchoincionic acid cr}'stallizcs in leancts with thiec 
molecules of water. It is little soluble in cold watei , the anh}- 
dious acid melts at 261° with dccomiiosition into cinchomeionic 
acid 

3. Carboisocinchomeronic acid (a/ 9 a'-pyridinc tiicaiboxylic 
acid) : 

COOH 

HOOC— y— COOH 
N 

This isomer is obtained bv oxidizing aa'-dimethylnicotinic 
acid with potassium permanganate 

aa'-Dimethylnicotmic acid is synthesized m the following 
way 


Weber, A 241, i 
Weiss, B 19, 1305 
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By I he condensation oi aceto-acetic ester with isobulytaldc 
hyde and ammonia Lhne is loimed, in accordance with the 
svnthcsib ot Hantzscli (see p ^15), the ester of hydroitiOpiopyl- 
litliduie dica)ho\ylic acid 

M CI-I(CH,), 

\/ 

C 

CoH^O — CO— Cl I C— CO— O CoHg 

CH-C'i^y'c-CH, 

N 

II 

This substance, which is a deiivative of dihydiopyndine, 
loses by the oxidizing action of nitrous acid, both additional 
hydiogcn atoms and the isopiop)! gioup in the /'-posilion and 
Lhcic IS formed an estei ol lulidiiic dicaiboxylic acid 

C.\%OOC—/ '^1 — COOC0H5 
N 

This cstei can be saponified to the free lutidine dicaiboxylic 
acid, which loses caibon dioxide when heated. 

The monobasic acid obtained by this treatment must conse- 
quently have the following constitution 

|/\— COOH 
N 

a«' Dinicthv IniLotmic aetd 

As we have seen, this ti'«'-dimethylnicotinic acid is oxidized 
by the action of potassium peimanganate to carboisocmcho- 
meionic acid, which must accordingly be afia'-pyndine iu- 
tarhoxyUc acid 

In another way von Millei 1 cached the same conclusion 

von Miller, B 24, 1900 
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rcgaiding the constitution of carboisocinchomeronic acid He 
obUined the acid by oxidizing quinaldic acid with potassium 
permanganate 


HOOC— 



Quinaldn- acid 


COOH 


Hoor— \ /\ 

VoOH 

Carbolfcioc in( liomeniniL a<'id 


Carboisocinchumeionic acid ioims small Icallcts, which con- 
tain two molecules of watei oi cr} stallization Ol all the Lii- 
carboxylic acids ol ])yridine it is the only one easily soluble in 
water, m alcohol and elhei it is almost insoluble It shows no 
definite melting-point, since when heated iL gradually undeigocs 
decomposition with the elimination of caibon dioxide 

4 Carbodimcotmic acid (a/3/5'-pyudine tiicarboxyhc acid), 


HOOC— 



—COOH 

—COOH 


N 


IS formed by the oxidation of /9-quinoIine carboxylic acid with 
potassium peimanganate Its constitution lollows from its 
mode of formation 



yfl-Quinnbne rarbovylic and 


PIOOC 


-/\x 


COOH 


"V "^COOII 

Carbuidmicutinic ai id 


It has also been obtained bv oxidation from a-picnline-,!?/?'- 
dicaiboxylic acid/’ and from n'/3/3'-dimethylcthylpyndine 

The acid cr3'Stallizes in needles with two molecules of watci ; 
it IS somewhat difficultly soluble in water and alcohol. It possesses 

Riedel, B i6, 1609 
« Weber, ^ 241, r 

^Durkopf and Schlangk, B 21, S32, 2707 
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no definite melting-point, but when heated above 150° is slowly 
decomposed into dimcotinic acid. 

5. Carbolutidinic acid (txj'a-'-pyndme tricarboxylic acid), 


cooi-r 



— COOH 


results as an oxidation-product of symmetrical tnmcth}lpyijdine 
(p- “is) This leaction naturally establishes the constitution 
of the acid It is fiuthei obtained by the OAidalion of uvitonic 
acid ([> 33) with potassium peimanganate 

Carbolutidinic acid lorms nceclle-like crvstals containing two 
molecules ol watei The acid is little soluble in water, alcohol, 
and ether In the anhydrous condition it melts at 227° with 
decomposition into isomcotmic acid 

6. Berberonic acid (a7/3'-pvndjne tricarboxylic acid). 


cooir 


HOOC— / 


-J-COOH 


This acid is foimcd as tlic chief pioduct of the oxidation of 
beibeiine by means ol nitric acid It has also been prepaied 
b) oxidizing one ot the liimcthylpyridinrs from coal tar Its 
constitution must be repicsented by the abo\e foimiila, since 
the constitutions ot its five possible isomeis have alieady been 
(leterminecL In full accord With this fnimula is also its gen 
eral behavior Boiled with glacial acetic acid it loses carbon 


“ Voigt, -V 228, 2C) 

^^BotUiiger, B 13, 204S, \ 229, 248 
^“Wcidel, B 12, 410 Furth, TM 2, 416 
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dioxide and is converted into cinchomeronic acid, at its melting- 
point (243°) it decomposes into a mixtiuc of nicotinic and isonico- 
tinic acids, the a'-position of a carboxyl giuup is indicated by Us 
giving a led coloration with fenous sulphate 

Bcrberonic acid ci7stallizes in pusms which contain two mole- 
cules of watei and which aie little soluble in alcohol and water. 


D. PYRIDINE PETRACARBOXYLIC ACIDS, 

CpHsNO,— QHN(COOH), 

All thiee letracaiboxyhc acids of pyudinc aic known and then 
constitution has been established They have not as yet been 
deiivcd from the natural alkaloids, but aic obtained as oxidation- 
products of s}nthcsized deiivatncs of pyiidine 

1 a'/ 9 ^-Dicarbocinchomeronic acid (a',fl;'/ 9 '-pyridine tetiacai- 
boxybe acid), 

COOH 

HOOC— /'\~COOH 

L j-COOII 
\/ 

N 

is piepaied by the oxidation of aj-dimeihyldimcoiimc acid^’^ It 
foims tianspaient pi isms containing water of ciystallization, and 
on being heated to 160° is decomposed into i 5 -carbocjnchomcionic 
acid. 

2 Un symmetrical tetracarboxylic acid (a'7-/?'cr'-pyridine tel 1,1- 
carboxybe acid), 


COOH 


HOOC— 
HOOC— ' 


k 


N 


—COOH 


Weber, A 241, i 
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IS foimed by oxidizing the potassium salt of o:;"a''-lnmethylnico- 
liniL acid;*® also by oxidizing flavenol, an aitificial deiivalivc of 
quinoline IL ciysLallizcs in line needles with two molecules of 
walci , the anhydrous acids melt al 227° 

3. 6i'6i''-Dicarbodinicotmic acid (a'/?^'a:'-pyridinc tetracarboxybe 
acid) : 


HOOC— —coon 
HOOC— y — COOH 
N 

This acid is obtained horn a'cx'-dimethyldinicotinic acid by 
Liealment with potassium peimanganate.®^ It ciystalhzes with 
two molecules of watei in ghtleimg needles which when, heated 
aic conveitcd into diiucotmic acid 

E PYRIDINE PENTACARBOXYLIC ACID, 

C10H5NO— QNCCOOH),. 

The one acid of this tuunula capable of existence is pre- 
paied by oxidizing with potassium peimanganate the potas- 
sium salt of collidine dicaiboxylic acid'"’* It crystallizes with 
vaiying (|uanlities ot walci m microscojuc needles which on being 
heated decompose into carbon dioxide and / 9 -carbocinchomeronic 
acid 


BETAINES OF THE ACIDS IN THE PYRIDINE SERIES. 

The acids of pyridine yield derivatives whose constitution is 
of the same natuic as that of betaine. As is known, betaine, W'hich 
occurs in sugai-bects and othei plants (see Betaine), is the inner 


Micliiicl, A 225, 121 
Fischer, B 19, 1036 
Hantzsch and Weiss, B 19, 2S4 
Hantzsch, A 215, 62 
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anhydride of the methyl hydroxide derivative ol dimethylamido- 
acetic acid: 


CHj— COOH 
(CH 0 ,=N 

Dimethjlamido acetic acul 


CHj — coon 

(CH,)3^N— OH 
Methyl liydruxide of dimtllnl- 
ainidu-acetic acid 


CH, — CO 

(CH,)3=N — o 
Betaine 


The carboxylic acids of pyridine behave in the same way as 
dinicthylamido-acetic acid Then alk}l hytlioxidcs arc unstable 
and are converted spontaneously, by loss of one molecule of watei, 
into betaines: 


QH,— COOH 

III 


C.,H,-~CO 

111 I 


CH3— N— OH 

Methyl hydroxide of pyndine 
monocarboxylic acids 


CH-, N 0 

Afcthvl betaine (il pviidiiit 
inunocarbdXi Jn- acidb 


Hanizsch ^^prcpaied the betaines of nicotinic, picolinic, and 
colbdine carboxylic acids by healing the potassium salt of these 
acids with methyl iodide and subsequently ticating the addition- 
product with silver oxide 

With nicotinic acid, ior example, the leaction is as iollows 


-^COOK 


N 

Potassium salt of 
nicotinic acid 


H-aCHjI 


— COOCH, 


N 


CH, I 
Metlivl iodide of nicotinic 
acid nieth vd ester 


+ KI 




—GOOCH, 


s/ 

^N\ 

I 


+ AgOH- 


0 - 

N — 


-CO 


■fAgl-l-CHsOH 


CH„ 

MetbvJ betaine of 
nicotinic acid 


Hantzsch, 13 iq, 
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This betaine is obtained moic simply by the direct ticatment 
ot nicotinic acid mcthiodide with silver o\ide 

Roser^* secured the methyl betame of cinchomcronic acid by 
healing this acid with methyl iodide to too®. Its constitution 
must be represented by one of the two following formulas. 


COOH 



CH, 



O N 


—COOH 


The betaines of the pyridine acids invite paiticular attention 
because of their close lelalion to some of the natiiial alkaloids. 
The methyl betame of nicotinic acid is shown to be identical with 
irtgondline (see page 149) 

The methyl betame of cmchomcionic acid, on the othci hand, 
has been identified with apopliyllcnic acid^ which Wohler ob- 
tained by the oxidation of cotarninc (page 298) and which is also 
formed, according to Fieundj from hydiastinme (page 317) 

Pictcl and SussdortJ, unpublished investip^atwn 
RobPr, A 234, ti 6 
Jahnb. B 20, 2840 
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DIPYRIDYLS, CjoIIsN,— (C5II4N- (. ,!l.N) 

The dipyndyls bcai the same 1 elation to pyiicline I hat 
diphenyl beais to benzol They are to be consideied as lesullnifr 
from the union of two molecules of pyndine with the elimina- 
tion of a hydrogen atom fiom each molecule Accoiding to 
the point of junctuie, theie aie theoretically possible si\ isomeiu 
dipyndyls (aft,/?/?, rr> Pt) Of but foiii aie as vi I 

well known 

The first clip3mid3l was obtained in 1870 by Andeisoii * and 
latci by Weidel and Russo ^ by the action of sodium on pyiidmi' 
at the ordinaiy tempeiatuie On oxidation this dipyiid3l is 
converted into isonicotimc acid, it is conscciucntly y7--f///iyr/dv/ 



It cr3^stallizes fiom hot watei in needles melting at iir—i C2^ 
It boils without decomposition at 305° 

The constitution ot two other dipyndyls, prepaicd by Skiaiip 
and Vortmann," follows diiectly from then synthesis Fiom 
phcnylene diamine there is foimed, by the quinoline synthesis of 
Skraup (page 82), the so-called phemntlirolinc 


' Anderson, ^ 154, 270 
MVeidel and Russo, M 3, 851 
^ Skraup and Vortnunn, M 3, 591;, 4, 
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On OMcliUion ihesc two bases aie converted into the following 
acids 


HOOC. 
HOOC 



n/V" 

I 1 N 

\/ 

Ojfl-Dipyndvl dicarboxvlic acid 



Subjected to distillation, the calcium salts of these acids are 
decompobcd, vvitli elimination of carbon dioxide, into «/?- and 
/9|6f“dipyridyl respectively 




n/\/\/ 

N 


a/3 Dipyndyl 



a^-Dipyiidyl is a liquid boiling at 296° (uncorrecled 287°), 
it IS converted by oxidation into nicotinic acid 

[j^-Dipyudyl is a solid which melts at 68° and boils at 296° 
(uncorrccted 287°), on oxidation it also yields nicotinic acid 
A fouith isomcnc dipyndyl was obtained by Blau'' on dis- 


M 10, 37";, 13, 33°. B 24, 326 
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tilling the copper salt of picolinic acid. It melts at 69° 5 and 
boils at 272° 5 Oxidation converts it into picolinic acid, it is 
consequently aa-dipyndyl 

Roth "" obtained a dipyndyl by leading the vapor of pyridine 
thiough a red-hot tube, it is a liquid boiling at 280-282° Whether 
this IS a filth isomei, or is identical with one of the four dipyridyls 
already noted, has not been determined 

The dipyridyls readily add hydiogen and thereby foim accoid- 
ing to the conditions of the experiment two kinds of denvatives 
On being leduced with tin and hydrochloric acid only one-halt 
the molecule is atfected and there is formed a pyridylpiperidinc, 
by the stronger reducing action of sodium and alcohol both the 
pyridine rings are attacked and theie icsiilts a dip 7 pendyl 
Of the pyiidylpipcridincs, CsHjN-CsHjoN, only those fiom 
/?/?- and n'-dipyiidvl have been piepaied These derivatives 
aie isomeric with nicotine and in their physical and physiological 
behavioi show a close lesemblance to tins alkaloid 

^^-Pyndylpi pcndinc {mcotidnie) is a liquid boiling at 287- 
289°, quite soluble in water, and veiy poisonous 

rr-Py>idylpipenduic {isonitoline) is a solid crystallizing in 
needles which melt at 78° Its boiling-point lies above 260°. 
It IS easily soluble in watei, is less poisonous than nicotine, and 
on oxidation forms isonicolinic acid 

The dipiperidyls, (QH,oN)„ ha\e the same composition as 
hexahydromcotine, but none of them is identical with this sub- 
stance This shows that nicotine is not, as was once supposed, 
a derivative of a dipyndyl 

aa-Dipiperidyl is a liquid boiling at 259° 
a^^Dipipendyl melts at 68-69° and boils at 267-268° 
rr-Dipipendyl forms needles which melt near 160°. 


® Roth, B 19, 360 
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QUINOLINE 

In the yeai 1834 Riingc ^ o\lractecl fiom coal-tar a base of 
the toimiila C0H7N, which he named Icucol^ or Irucoline A 
few yeais latci (1842) Gcihaidl^ obtained, by the disLillaliou 
of cinchonine with caustic potash, a base of the same composi- 
tion which he called quinoleine. These substances were tor a 
long time regarded as isomeis, since they appeared to give difleient 
coloi reactions It was shown latci, howevei, that this difleicnce 
was due to impurities ^ and that leucol and quinoleine are identical 

Quinoleine, 01 qnuwlnie, as it is now known, is a colorless, 
oily liquid which solidifies at — 19^5 and boils at 240° Its 
odoi reminds one of bcnzaldehydc or nitrobenzol Its specific 
gravity at 20° is i 0947 It is almost insoluble m water, on 
the othei hand it is soluble m all proportions in alcohol, ethei, 
and most organic solvents 

Quinoline is a tertiaiy base, in its chemical behavioi it closclv 
resembles pyridine Korner in i86g advanced the hypothesis 
that the lelation between the two bases is the same as that between 
naphthalene and benzol and that consequently quinoline is to 
be considered as a naphthalene in which one of the a'-CH groups 
IS replaced by an atom of niLiogcn 


‘ Runge, Poggendorfi’s A 7 ni der PJiy^ mid Chem y 31, bS 
^Gcrhardl, A 42, 310, 44, 279 

^ Hofmann, A 47, 31, 74 > HuogewcrCf and \an Duip, R i, r, 107, 2, 41 
Jacobsen and Renner, B 16, 513, 1082 
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H H 

C C 




HC 

HC 


C 

II 

c 


\ 


CH 

CH 


\ /XX 

c c 

H H 

Naphthalene 


H M 

C C 

/\/\ 

HC C CH 

I II I 

HC C 

H 

Quinoline 


The iTiolccule of quinoline results, then, hoin the union of a 
benzol and a pyiidine iing 

This hypothesis has been \enfiecl by all the syntheses of 
quinoline and by its behavior towards oxidizing agents 

Treated with potassium peimanganate, quinoline yields oxalic 
acid and the dibasic acid, quinolinic acid (page 6i) On dis- 
tillation with lime the latter is converted into caibon dioxide and 
py rid me 

HOOC 

HOOC 

+ 80 I + 

HOOC 

N HOOC 

Quinoline 0\aliL ickI QuinoJinic kiiJ 




While in the abo\e case the pyridine ring shows t]ie greater 
stabibty, somewhat different lesults arc obtained when the pei- 
manganate acts not upon quinoline but upon the addition-product 
which the base loims with benzyl chloride It is the pyridine 
nng winch is now destroyed, since it is rendered less resistant 
by the pentavalent condition of the nitrogen atom Thcic is 
thus obtained a mixture of benzylanthramlic and formylbcnzyl- 
anthranihc acids * 


\— CH=rH 


\/ 


N=CH 


n c,H, 

Benzj] chlnnde 
of quinohne 


/\— COOH 

I /CHO 

\/-K 

\C,H, 


Po^ITJ^ Ibtnzylanthra- 
mlic acid 


-COOFT 
-NM— C,H, 


Benzylanthramlic acid 


Claus and Glykhen, B i6, 1283 ' 
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Synthesis of Quinoline, — A large number ol synthetic pro- 
cesses are known, only the more impoitant of these, however, 
will be here consitlerecl 

I. The first synthesis of quinoline was made by Konigs^ m 
1879 by passing the vapoi of allylanihne ovei lead oxide heated 
to led ness 


CH CHg 

C N 

H H 

AllylaniLnc 


•f 2O 


HC| 

HC 


H H 

C C 


\/c\X 

C N 
II 

Quinoline 


CH 

CII 




2 In the same year Baeyer® succeeded in converting hydro- 
carboslyril, the inner anhydride of o-amidohydrocmnamic acid, 




NH- 




CO, into quinoline by treating it successively 


with phosphorus pentachlonde and hydnodic acid: 



CT-T„ 


zx/l 


CO 

NT 
11 

Hydrocarbostyril 


‘ -h 4CI 


N 


CCl 

CCl 


+ H20-H2HC1 


a/^-Dichlorquinoline 


/\/\ 


CCl 




/yCC\ 


+ 4HT 



-P 2HCI + 4I 


®Konigs, B 12, 4 S 3 
®Bacycr, B 12, 4bn, 1320 
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3. In 1880 Konigs ^ obtained small quanlitich of quinoline by 
heating the condensation-product ol aniline and acrolein, so 
also when he heated nitrobcnzol (ol aniline) with glycerine and 
sulphuric acid at 180-190^. 

This lattei mode ot formation, which was, indeed, intiUd 
b} the work of Graebe ® on alizanne-blue, was soon woiked 
out by Skiaup ° as an excellent method for the syntlu^^is of cjuino- 
line. By employing not as Konigs had done, either andine oi 
nitrobenzol, but a mixture of both these substances w'lth glyceiine 
and sulphuiic acid, he obtained a 60% yield ol quinoline 

We thus have a simple and practical method for the synthesis 
of (juinoline, nor ib the method limited to the synthesis of thib 
base, but it may be generalized and thereby extended to the picpa- 
ration of many of the derivatives ot quinoline 

The mechanism of the reaction of Skraiip is most probably 
to be explained as tollows By the dehydiating action of the sul- 
phuric acid the glyceiine is converted into acrolein, tins unites 
wMth the aniline, and the condensation-iiroduct thus lorined is 
oxidized by a part of the nitrobenzol, wheieby (he pyndine iing 
IS closed. 


I CH^OH-CHOH— CH2OH CH,=CH— CH 0 + 2 H ,0 

Glvcenne Acrolein 


II CeH,NH,+ OCH-CH=:CH, 

Anibne Acrolein 


CJ-r,N=CH— CH=.CH,+ HjO 

Acroleln-anibne 


III 


CH. 



N 


Acrolein-amline 


CH 



Quinoline 


It was first thought that the nitrobenzol shared m the forma- 
tion of the benzol nucleus m quinoline, but this is not the case 


’ Konigs, B 13, 91 1 

"Graebe, B 12, 1416, A 201, 333 

®Skraup, M i, 316, 2, 141 
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It acts only as an oxidizing agent This was shown by the fact 
that the nilrobenzol could be replaced by nitrophenols without 
the foimalion of oxyqujnohncs, also by picric acid 01 arsenic 
acid 

4 In 1883, Fiicdlander and Gohring^' synthesized quinoline 
b} tlic condensation of c?-amidobcnzaIdchyde with acetaldehyde 
The condeiibation is efiected simply by the addition of a few drops 
of caustic soda 



+ 


0 Amidoben<iaJdchvdt 


ri,CH 

I 

OCH 

F I aldoh ydii 


CM 

CH 
CH 
N 

Ouinoline 




+ 2H2O 


5 Baeyer and Dievvsen have piepaied quinoline by the re- 
duclion of f?-nitiocinnamic aldehyde, 


C«H 


*\ 


XcHO 


6 Rugheimer cftected its synthesis by the action of phos- 
phoiLis pentat hloiide on malonanilic acid, CaHr,NH — COCH_,- 
COOH, and the leduction of the lesulting chlorquinolme with 
h^'di iodic acid 

7 Another invcstigatoi “ states that quinoline is formed by 
the action of glyoxal on oithotoluidinc at 150^ 

In geheial the base is obtained by the distillation oi quinoline 
caiboxylic acids ovei lime and by the leduction of oxyquinolincs 
with zmc-dusl 


kruippcl, R 29, 703 

Fried la-nflrr and Gohring, B 15, 2S72| 16, 1833 
BaevTr and Drewsen, B 16, 2207 
” Rughcimer, B 17, 737, 18, 2975 
Kuhsch, M 15, 276 
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Addition-products of Quinoline 

As an iinsaturated compound, quinoline forms addition-prod- 
ucts with bromine, iodine, etc These elements add themsehes 
easily to the pyiidme ring, less readily to the ben/iol Nascent 
hydiogen also readily acts upon ciuinoline If the base is treated 
with reducing agents such as zinc and hydrochloric acid, sodium 
and alcohol, etc , four atoms of hydrogen are added and there is 
toimcd ictrakydroquinolinc, CyHnN, a secondaiy base (boiling- 
point 244^) 


CH, 


y\/\ 


\/\/ 

NH 


CH, 

CHa 


By oxidizing agents this is reconverted into quinoline 
Another tctiahydroqumoline was prepared by Oechsner*® 
from the product obtained by distilling cinchonine and brucine 
with caustic potash It possesses the comparatively low boiling- 
point of 215°. It is consequently not identical with the preceding, 
and the benzol ring must be legarded as the one reduced 

By heating tetrahydrocpiinoline at 230° with hydriodic acid 
and phosphorus there have been obtained a JuwahydyoquinoUne 
(boiling-point 226° at 720 mm ) and a dckahydroqninoline^ which 
cry^stalhzes in needles melting at 48° 5 and boils at 204°.^^ 


H,C 

H^C 


CH, CHo 

1 1 r ^ 

NH 


CH„ 


Wischnegradsky, B 12, i-iSi, 13, ?3i2, 2400 Lellmann and Reusch, 
R 22, 1389 

CJechsneT, C t 94, 87, 99, 1077 
” Bamberger and Lengfeld, B 23, 1138 
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Substitution-products of Quinoline. 


Theoielically seven isonieric monosubstitution-products are to 
be expected Of the polysubstilnted derivatives with like sub- 
stituents there aie the following possibilities. 

Disubstitution-products 21 isomers 

Tiisubstitutioa-pioducts 35 

Telrasubstituliun-pioducts 35 

Pentasubstitution-pioducts 21 ‘‘ 

Hexasubstitution-products 7 “ 

HeptasubsLitutiun-products i ' ' 

To designate the positions in the quinoline molecule theie aic 
generally employed foi the pyridine nucleus the Greek Ictteis 
a, Y, foi the benzol nucleus the prefixes orlho^ mcla, para, 
and ana, as follows 


a r 



o N 


The positions in the quinoline molecule may also be desig- 
nated by numbers. In this case the abbrc\ lations Bz and Py 
are used to indicate the iing lefeiied to 



Quinolmes substituted in the benzol ring can be obtained 
by the s)^nthcsis of Skraiip, we need only replace the aniline 
by one ol its substitution-products The position of the sub- 
stituent remains the same in the derivative of quinoline as in 
that of the aniline, oitho and paia substituted anilines yield 
ortho- and paia-qiunohnes. In the case of meta substituted 
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anibnes, a glance at the following formulfe will show that we 
may here obtain both meta- and ana -derivatives 

- 0 . 

NH, 

Meta substituted aniline 


Meta substituted aniline 



Ana substituted quinoline 


Ordinarily the two isomers aie formed m the ^amc icacUon^ 
Of the many substitution-products of quinoline known, tlu 
hydroxyl den values have attained considerable importance m 
the determination of the constitution of the natural alkaloids 


Oxyquinolines, Cf,HflfOH)N 

Of the seven monoxyqumohnes theoretically possible six 
are known. 

The four isomers which ha\e the hydioxyl gioup in the bcn/ol 
ring and which sometimes receive the name of qinnophenols 
may be prepared Irom the amidophenols by the s}nthesis of 
Skraup/® or by fusing quinoline monosulphonic acids with 
potassium hydroxide/^ or, lastly, by diazotizing the amido- 
quinolines 

The quinophenols possess both the pioperties of a phenol and 
of a base. On oxidation they, like quinoline itself, aie con- 
verted into quinolinic acid, on reduction they yield teliah^dro- 
quinoline. 


‘'‘Skraup, M 3, 536 

Fischer, B 14, 443, 1366, 15, 1979, 16, 450, 721 Happ, B r?, 1:93 
*®Skraup, M 5, 532 Claus and Massau, J pr 48, 170. 
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o-Oxyqiitnohne ci7stallizes in needles which melt at 75-76^; 
Its boiling-point is 266° 

in-OxyquDwline lormsi needles melting at 235-238° 
a-Oxyqnmoline crystallizes eithei in needles or leaflets, it 
melts at 224° 

p- 0 \yquinoliue yields prismatic csystals; il melts at 193° 
and boils abo\c 360° This deiivativc is foimed by heating 
xanthoqnininic acid a decomposition-product of quinine (p. 105) 
The methyl ether of />-o\} quinoline lias been known since 
1879, at which time Eutlerow and Wischnegradsky,^- by melting 
quinine with caustic potash, obtained an oily base ot the formula 
CioHgNO (boiling-poinl 304-305°), which they named qtnnohdinc. 
In 1885 Skiaup showed that this base was p-rnethoxyqninoline: 



This derivative may be formed further hy treating p-qumo- 
jihcnol with methyl iodide and potassium hydroxide, or diiectly 
by the method of Skraup fro 1 />-amidoanisol (^-anisidine). 

Of the monoxyquinolines which have the hydioxyl group in 
the pyridine ring, two arc known, carboslynl (ci-oxy quinoline) and 
kynurme (^-oxyqumoline) These, like tlie corresponding oxy- 
pyridines (p 18), occui in two tautomeric forms, the hydroxyl- 
and the ketone-foim 



«-0\vquinoline 


►btvnl 


ri-Quinulonc 



r-OwnuinoliiiP 

Kynunne' 


Skraup, M 4, 695 

Biitlcrow and Wisclinegradsky, B 12, 2094 
” Skiaup, M 3, 5S7, 6, 760 
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Carboslynl was first obtained in 1852 by Chiozza®'* iiom the 
reduction of ^-nitiocinnamic acid and it is consequently the 
inner anhydiide of ^?-amidocinnamic acid 

=:CH yCH=CH /CH=CH 

1 - I or CflH/ I + H,0 

2 COOH \N=-COn \NH— CO 

It IS also easily formed b) the direct oxidation of quinoline 
with hypochlorous acid, or ^^chloiidc of it is furlhei 

pioduced by heating a-chloiquinohne and a' bromquinohnc with 
watei to 120°.“^ The base ciystalhzes in prisms wilh one molc^ 
ciile of winter, in the anhydious condition it melts at iqq- 2 oo° 
Kynujinc was piepared in 1872 by Schmiedcbcrg and wSchult- 
zen by distilling kynurcnic acid — an acid discovered by Liebig 
in 1853 in the urine of the dog 

It is also formed by the oxidation of cinchonine, of cmchom- 
dine, and of cinchoninic acid wnth chromic acid.“^ 

It has been synthesized further by Claus and Howitz from 
the amide of cinchoninic acid On treatment with sodium 
liypobromite (Hofmann’s reaction) this is convcitcd into y 
amidoqiiinoline, which wdien diazotized yields kynunne 



Amide ol Linchanimc acid T'-Amidoriuinuline Kv'nunne 

Kynunne crystallizes with three molecules of water in prisms 
which melt at 201° 

Chiozza, \ 83, iiS 

''"Einhorn and Lauch, B 19, 53, A 243, 342 Erlenmcyer and Robcnhek, 
B 18, 33Q5, 19, 489 

Fnedlander and Ostrrmaier, B 15, 33=5 Claus and PolliU, J pr 41, 41 
Schmicdeberg and Schiiltzcn, A 164, 158 
’^'Skraup, M 7, 517, 9, 783, 10, 726 
Claus and Howitz, J pr 50, 232 
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METHYLQUINOLINES, Cj,HoN— CBHeN(CH3) 

The seven methylquinolines theoretically 'possible are all 
known Four of these isomeuc bases which liave the methyl 
gioup m the benzol ring of the quinoline are commonly known 
as ioliiqmnol ines 

The toluquinolines weie prepared by Skraup ^ by replacing, 
in his well-known s3mthesis, the aniline with the thiee toluidines 
The methylquinolines resulting arc liquids which in odoi and 
in other properties in gencial icsernblc quinoline itself. On 
oxidation there arc foimcd hist the quinoline monocarboxyl ic 
acids and then quinolinic acid 

r o-TohiqiiLHolinG boils at 248°. 

2 p-Tolnqnnwliue boils at 257-258°. 

3 m-Tohiqaiuoluie boils at 250° 

The last base fotins the chief product of the reaction between 
glycerine and m toluidine Skiaup established the w-position 
of the methyl gioup in this deiivative by oxidizing it to m-quino- 
line caii 3 o\yhc acid (page 102) 

4 Tlie fourth loluqninolinc^ boiling at 250°, is formed as a 
*,iclc-pioduct in the synthesis of m-toluquinolinc Since this 
base is not identical with any of the other tokiqumolines, it must 
3c the a;/ a -derivative 

To this indirect proof Gattcrmann and Kaisei ^ have added 
L direct one They subjected /?-chlor-;w-toluidine to the reaction 


' Skraup, M 2 , 3, 3^1, 7. MO 

* GatlLrinanii anti Kcii'icr, li r8, 2602, ’,21c; Lcllmann and Alt, K 237, 307 

89 
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of Skraup The quinoline base ihub obtained must be 6>-chloi- 
ii-toluquinuline 



p Chlor“?«-tolmdine o Chlor-a-toluquinoline 

On reduction of this latter substance with hydiiodic acid, 
the chlorine atom is replaced by hydrogen and a base is obtained 
which is identical with the a-toluqumolinc obtained above by 
Skraup. 

The following methylquinolmcs have the alkyl gioup in the 
pyridme ring* 

5 Qiiinaldine (a-methylqumolinc) 



3 


Qumaldinc is found with ([uinoline in coal-tar ® It is a liquid 
'which boils at 247° 

Doebner and ^on Millei** s'^nthesized it in 1881 by employing 
a modification of Skiaup’s synthesis, in which they replaced 
the glycerine with glycol They soon found, however, that ’the 
glycol could be advantageously exchanged for acetaldehyde, 
that further the addition of nitrobenzol was buperfluous, since 
the oxygen necessary for the reaction was afforded by a thud 
molecule ot the acetaldehyde In fact, the most eflectue method 
for the synthesis of quinaldine appeared to be the wanning on 
the water-bath ot a mixture of aniline, paialdehyde, and con- 
centrated hydrochloric acid 


^ Jacobsen and Reimisr, B 16, 1083 
* Doebner and von Miller, B 14, 2S12, 
1646, 24, 1730, 25, 2072 


15, 3075* 16, 2464, 


17. 
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The mechanism of this reaction lias not, as yet, been made 
enlirel} clear, it is probably analogous to that in the synthcbis 
of Skraup Undei the dehydrating influence of the concentrated 
h3^diochloiic acid two molecules of aldeh}de condense to ciotcm-’ 
aldehyde The latter then unites with the aniline to foini 
crotonylcnc-anihne, which by loss of two hycliogen atoms gives 
rise to ciuinaldine 

I 2CH3— CHO-^CH.CH^CHCHO + HoO 

Acetaldehyde Crotunaldt hyde 


II C,H,NHh-CHO— CH— CH— CH,-. 

Aniline CrotunaJdehyde 

CeH^N^CH— CH=:CH— CH jH- H, 0 . 

Cro tun ylenc.'ini line 


CH 



N 

Croton ylenc-aniLne 


H 

C 



N 

Quinaldme 


+ 1-hO 


Skiaup,® indeed, succeeded in synthesizing ciuinaldine by heal- 
ing together aniline, ciotonaldehyde, nitrobenzol, and sulphuric 
acid 

The synthesis of Doebner and von Millet like that of Skiaiip 
is of general apidication If the aniline js k. placed h^ uthei aio- 
matic amines, 01 the aldehyde by othei aldehidcs 01 ketones, a 
laige number cjf ([umoline deiULitives may be obtained 

Quinaldme may be piepaied by a mimbei oi oLlier S3nlhetic 
processes, of which ^\e may mention the following as among the 
most impcalant 

a By heating lactic acid with aniline and zinc chloride, or with 
a mixiuie of aniline, nitrobenzol, and sulphuric aeid ® This reac- 
tion IS a modi flea I ion ol the synthesis of Doebnei and Millei, 


®Slojup, B 15, Sg; 

Wallarli and Wu^ien, B 16, 200; Pit tot and Dupirc, B 20, 3415 



9 - 


THE VEGETABLE ALKALOIDS 


since the lactic acid heie decomposes into aldehyde and formic 
acid. 

h By the condensation of o-amidobcnzaldehyde with acetone ^ 



t By leducing ^-niliobenzylidenc-acetone, (NOj)CgH, — CH= 
CH — CO — CHg, a condensation-product of ^?-nitrobcnzaldchycle 
and acetone.® 

(L By heating ethylacetanilide with zinc chloiide to 250° ® 
c. By heating a-methylindol with biomofoim and sodium 
alcoholate and tieating the / 9 “hromqumaldinc thus obtained with 
hydi iodic acid and phosphoiiis 

The constitution of quinaldine is established by its conversion 
to acetylanthianilic acid on oxidation with [lotassium peiman- 
ganale 



N 

Ouinaldme 


COOH 


NH— CO-CH3 
Acetylanthramlic acid 


Chromic acid acts on the base somewhat dillcrcntly, there is 
foimed quinaldiL acid (rv-quinolinc carboxylic acid) “ 

Like all p>ndine derivatives having a methyl group m the 
cv-posiLion, quinaldine reacts easily with aldehydes and ketones 
to form unsa til rated derivatives 


’’ Fnediandcr and Guhnng, B i6, 1833 
” Drewsen, B 16, 1053 
®PiLlet dnd Bunzl, B 22, iS^iy 
’”Magnanini, B 20, 260S, 21, 1940 
" Doebner and von Miller, B 15, 307c;, 16, 2472 
Jacobsen and Reimcr, B 16, 513, 1082, 1892, 2602, 2942 Wallach and 
Wusten, B 16, 2007 
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— cn. 


+ OCH-C„H, 


-CH=CH--C«H, 


+ H,0 


N 


Ouinaldine Benzaldehyde 

6 ^-Mtihylqumolinc' 



Benz^lTdene quinaldme 


CH, 


^-Methylquinolme was synthesized by Doebner and von Miller ” 
in 1884 If, in their general synthetic process for qiunaldine, the 
acetaldch}de is exchanged for propionaldehyde, there is foimcd 
/?- ni clhyl-a-elhytqn mol me 


-CH3 

-C2H5 


N 


On oxidation of this compoLind, the ethyl group which is first 
attacked is changed to the caiboxyl group When the calcium salt 
of the acid thus obtained is subjected to diw distillation it yields 
a new base. This is undoubted!) /? methylqLiinoline, since on oxi- 
dation !t is converted into /?-qLiinoline carboxylic acid (page 104). 

von Miller and Kinkelm^'* later prepared the same base 
directly by healing a mixtuvc of aniline, propionaldehyde, and 
formaldehyde with hydrocliloiic acid 

/ 9 -MLthvlc|Uinohne crystallizes in prisms which melt at 10-14°; 
its boiling-point is 250° 

7 Lepidinc (/-INIethylquinoIine) 


CHa 



This base was isolated by Williams m 1855 from the product 
resulting from ihe distillation of cinchonine with potassium hy- 


Doebner and von TMiller, B 17, 1712, 18, 1640 
‘‘von ‘NTillcr and Kmkelin, B 20, t()i6 
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dro\ide The yeai toUowing, the same inxcsiigaloi '' found in 
coal-lai a base of the same composition, which he icgaided as an 
ibomei of lepidine and which he named mdohne. Later it was 
shown that the two bodies wcie identical. 

Lepidine has fiirthci been obtained 
a Bv distilling cinchonine with lead oxide 
b By heating cinchene and dihydiocinchenc, decomposition-’ 
products of cinchonine, with acclic acid to 200®, or with a solu- 
tion ot phosphoiic acid to r8o° 

c By distilling over zinc-dust Lctiah}^drocmchonimc acid, 
a reduction-product ot cinchoninic acid 

d By the distillation ovei zinc-dust of a-oxylepidine, a body 
obtained by the condensation ot aniline wnth aceto-acetic cstci 
e By the condensation of ^?-amido-acctophcnonc and paialde- 
hyde m the presence of caustic soda 

/ By the condensation ot aniline, acetone, and foimalde- 
hyde by means ot hydrochloiic acid 

The constitution ot lepidine follows fiom its oxidation by 
chromic acid to cinchonimc acid (/'-ciuinolinc caiboxyhc acid, 
p 104) When, howe\xr, the base is oxidized with potassium 
peimanganate it is not the meLh}l gioup which is iiist attacked, 
but the benzol iing, and theie aic foimccl successively Icpidinic 
acid (/'-methylciumolinic acid), a'-caibocinchomcronic acid, and 
cinchomeronic acid 



Lepidme 


CH, 


COOH 


N COOH 
Lppidmic acid 


coon 

yCOOK 


'^COOH 


ff-Carbunnchonicromc 

acid 




Cin( lioineiomc 
ac 111 


Williams, J 1855,550, 1856,536, 186^,431 
Hoogewerff and van Dorp, R 2, i, B 13, 163Q, 16, 1381 
Konigs, B 23, 266q, 27, 900, 1501, 2290 
'8 Weidol, M 3, 75 
Knorr, B t6, 2593, A 236, 69 
O Fischer, J 1885, 1013 
^^Bever, J pr 32, 125, 33, 393 
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Lepidine is a liquid which boils at 255° 

A irihromoxyle pidnie ot unknown constitution has been 
obtained b\ Comstock and Konigs from the action of bromine 
on the sirupy oxidation-products of cinchonine and cinchene. 
p Melhoxylepidme, 



foinis one of the decomposition-products of quinine. It was 
obtained by Konigs-^ by treating quinine with potassium hy- 
droxide and by heating qumene to 180° with phosphoric acid. 
It crystallizes with one molecule of water in needles which melt 
at 50-52® 


Comstock and Konigs, B 17, 1984 
Konigs, B 23, 2669, 27, 900 
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PHENYLQUINOLTNES, C,,H„N— CoHflNCCflHa) 

Of the seven monophenylquinolines LheorcLically possible 
five are now known Two of these have the phenyl group in 
the benzol ring and three have this group in the pyridine ring. 

I, 2. o-Phenylqianolme and p-phenylquinolmey 



C0H5 

o-PhenylquinoUne 





p-Phenylquinoliiie 


have been prepared by the method of Skraiip from 0- and /?- 
amidodiphcnyl respectively ' The (^-derivative is a liquid which 
boils at 270-276° under 80 mm. pressure; the /^-derivative 
cr}-'stallizes in leaflets which melt at t 10-111°; it boils under 
ordinary pressure at 360°. 

3. a-Phenylqiiinoline, 



N 


' La Costu and Sorger, B 15, 562, \ 230, i 
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may be synthesized by several methods analogous to those which 
are employed in the preparation of quinoline and quinaldine 
a. The condensation of aniline with cinnamic aldehyde and 
nitrobenzol by means of sulphuric acid^oi of hydrochloric acid.® 
b The condensation of acetophenone with ^7-aniidobenzalde-- 
hyde '* or with formanilide 

c. The reduction of d?-nitrobenzylidene-acetophenone ® 
o:-Phenylqiiinoline ciystallizes fiom alcohol in needles which 
melt at 84°. By oxidation it is converted into benzoylanthranilic 
acid 

4 / 3 - P// cnylqu i no! nu\ 



is foimed by the condensation of f;-amidobenza1dchydc with 
phenylacetaldehydc by means of caustic soda. 

It is an oil which has as yet been little studied.^ 

5 Phenyl qtitnol me, 



presents grcalei interest for us than its isomers, since, according 
to Komgs, it foims the mothei -substance of the cinchona-alka- 
loids Its physiological action, in fact, somewhat resembles 
that of quinine’ It foims needles of mcltmg-pomt 61-62^. 


‘ (?irimaux, C r 96, 584 
DocbriLM and vun Miller, B r6, 19, 1194. 

^ Fricdlanclcr and Gohrmg, B 16, 

® BiclcL and Barliicr, BI [s] 13, 26 
" Goldschmidl, B 28, 9S6 

’TappcincM, Mnncficiicf med WochcnsLfinjt, 43, i 
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/'-Phenylqiiinoline is prepared by heating y-phenylqninaldic 
acid^ 



above its melting-point (171°) By this tieatment the carboxyl 
giou[) IS eliminated. 

T'-Phenylquinaldic acid is in turn obtained by the oxidation 
of y- phenylqtiinaldine; 


■CH3 



The synthesis of the last derivative is easily elTecLed by a 
niimbei of metliods analogous to those employed m the prepara- 
tion of quinaldine 

a The action of alcoholic potash on a mixture of r?-amido- 
benzophenone and acetone ® 





CH3 

(CO— CHj 



2HjO 


b- The condensation of aniline with acetophenone and paral- 
dehyde by means of hydrochloric acid.® 



NH, N 


^ Konigs and Geigy, B 18, 2400 
® Beyer, J pr 33, 393 
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c. The action of sulphuric acid on the anihde of benzoylace- 
'tonc. 



N 


Phenylquinalclinc cry-^tallizcs in tablcl'=^ melting at loo® By 
the action of chromic acid it is, as indicated above, oxidized to 
^'-plienylqiiinaldic acid (?-phcnylqiunoline-a-caiboxylic acid) 

Oxyphenylqumolmes, or Quinoline Phenols — By the dry 
distillation of the silver salt of ethylhomoapocinchenic acid (a 
dccomfiosition pioduft of cinchonine) Konigs “ in 1803 obtained 
a derivatuc of the toimiila CiyHi^NO (melting-point 8g-8i^) 
The liehciMOi of this substance indicated that it was the ethyl 
ethen of a phenol Heated with hydrobiotmc acid, it was 
decompos(fl into eth)l bromide and a substance, C,5tI,iNO 
(melting-point 208°), which possessed all the properties of a 
jihenol 

Oxidation of this last body gave use to cinchoninic acid 
(/ -cjuinohnc cailioxylie aeid) 

Fiona these obsenations it follows that the two substances 
in fjucslion aic respectively the cthoxyl and hydroxyl derivatives 
f)f j iihenylquinoline, and tuithcr that both the substituting 
gioups aif in the phenyl ladical and not in the quinoline nucleus 
Komgs accordingly assigned them the following formiilie and 


Beyer, B 20, 1767 
“ Konigb, B 26, 713 
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gave them the names y-qiiinoline phenelol and y-qnhioline 
phenol (/'-phenol quinoline): 



The constitution of both these derivatives remained for a long 
time incompletely determined, for eoriesponding to each of the 
above formuhe three isomers are possible according to the position 
of the — OC^Hg, or — OH gioup, with leference to the /'-caibon 
atom of the quinoline 

A mixture of these three isomeis w^as, indeed, obtained by 
Konigs and Nef/‘ wdicn they attempted to synthesize phenol 
quinoline from phenylquinolint by mtioducing in the lattci llie 
nitro group and subsequently leplacing this wnth hydio\}l One 
of these isomers proved identical wnth the phenol quinoline 
derived from cinchonine. But this synthesis, while it conhimed 
the accuracy of the results previously obtained, threw no light 
upon the position of the hydroxyl gioup 

The question, however, was solved shortly aftcrwaids by 
a synthesis of phenol quinoline which was efiected bv^ Besthoin 
and Jacgle These investigators emph'iyed the pioccss of 
Beyer {c, page 99) and replaced the benzoylacetone with oitho-, 
nuna-, and paia-oxybenzo} lacetone. The phenol quinoliiK' thus 
inepared from f?-oxybenzoylacetone proved to be identical with 
the decomposition-product of cinchonine; the other two isomcis 
from nv and />-o\yhenzoylacctone were identical with the two 
remaining phenol quinolines which had been obtained by Konuj-s 
and Nef. 


Konigs and Net, B 19, 2427, 20, 622 
" Besthorn and Jaegle, B 27, 907. 3035, 28, Ref 400 
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The phenol quinoline tiom cinchonine has, accordingly, 
the following constitution 



s/ 

N 



CHAPTER VIII. 


MONOC'KRBOXYLIC ACIDS OF QUINOLINE, 
C,„H,NOj— C,H,N(COOH) 


The spven quinoline monocarbo\ylic acids Iheorelically 
possible are all known 

Those acids which ha\e the carboxyl gioup in the benzol 
ring are knov\n as the quinoline bensocarboxylio acidi Thice 
of these latter are prepaied by treating the three amidobcnzoic 
acids with glyceiine and sulphuric acid ‘ They are fiirtlier 
obtained by converting the thiee aniidobenzol sulphonic acids 
into the quinoline sulphonic acids, then distilling these witli 
potassium cyanide, anil finally saponifying the cyanquinolmes 
thus formed ^ 

I 0 Quinoline carboxylic acid forms needles which melt at 
187° 

2. m-Quinohne carboxylic acid also occurs in needles which 
melt at 248-249° It was prepared by Skiaup and Brunnci = 
by oxidizing i«-toluquinolifie with chromic acid It ib also foimed 
by oxidizing fi-diquinolyl (CoHeN)2 ‘ 

3 p-Qitiiwhne carboxylic acid ciystallizes in leaflets and 
melts at 291-292°. 

4. a-Quinoliiie caiboxylic acid occurs as a powder which 
melts at 357° It is prepared from wi-amidobenzoic acid and 
from Jii-arulinc sulphonic acid According to its mode of foima- 


’ Schlosser and Skraup, M 2, 519 

’ Beclall and O Fischer, B 14, =574, ig, 6R3 O Fischer and Willmack, 
B 17, 440 O Fischer and Korner, B 17, 765 La Coste, B 15, lyO 
“Skraup and Brunner, M 7, 139 
^Fischer and \an Luo, B 17, iSqq, 19, 2471 
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tion, the caibovyl gioup may stand cither in the meta- or the 
ana- position. This position has been very ingeniously deter- 
mined in the following manner by Skraup and Brunner ® 

\\'hen amicloleiephthalic acid is tieated with glycerine and 
siil[)hurjc acid it forms a quinoline dicarlioxylic acid which 
must be an oilho-ana-derivative 


COOH 



Anudoterephthaljc 

acid 


COOH 



o-a OuJnoLne 
dicartxjxyhc acid 


Now this acid, on being heated to 270°, loses carbon dioxide 
and gives use to two quinoline monocaibox'yhc acids. One of 
these IS the oitho~acid, the other is identical with that acid which 
IS obtained from meta-amidobcnzoic aad. This lattei must 
consequently be ana-qumoline carboxybe acid. 

The three remaining quinoline monocarboxyhc acids have 
the carboxyl group attached to the pyridine nucleus 
5 Quuialdio aad (a quinoline carboxylic acid). 


^Y) 


—COOH 


Doebner and von Millci pieparcd quinaldic acid by oxidizing 
quinaldinc with chromic acid This mode of formation establish(‘s 
the position of the carboxyl gioup The acid is fuiLbci formed 
by lire oxidation of n:-ethylc[uinoline ° 

It crystallizes with two molecules of watei in needles which 
melt at 156° and at a higher lempcialuie decompose into quinoline 
and caibon dioxide On oxidation with potassium poimanganate, 
(juinaldic acid yields caiboisocinch(;mcronic acid (page 68) 


^rjo(‘biKr arul von Miller, B r6, 2^172, 24, 1900 
" RlIkt, B 19, 2095 
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h [i-Quinolme carboxylic acid: 



— COOH 


In 1880 Giaebe and Caro'' by the oxidation of aciidinc with 
potassium permanganate obtained a dicarbowlic acid of cjuino- 
hne which they called acridic acid: 



Acrid ine \cndi<' acid 


If now this IS heated to 120-130^-'^, it loses a molecule of carbon 
dio\idc and foims a monobasic acid which melts at 273° and 
which must be cither a- or ^-quinoline monocarboxylic acid 
Since we have already identified quinaldic acid as the a'-rlenva- 
tive, the acid ot Gracbe and Caro is consequently , ^-quinoline cai- 
boxylic acid 

This acid is fuither iormed b} oxidizing \vith chiomic acid 
9'methylquinohnc® and ,/ 3 -ethylquinoline ® 

Treated with potassium pcimanganate, |S-quinohne caiboxylic 
acid yields carbodinicotimc acid ('page 70) 

7. Cmchonmic acid (^"-quinoline caiboxyhc acid) 

COOH 



Cmchonmic acid was found in 1870 by Caventou and Willm*^ 
in the pioducts resulting from the oxidation of cinchonine with 

’ Graebe and Caro, B 13, too 
® Doebner and von Miller, B i8, 1640 
“ Ricdtl, B 16, t6oq 
Caventou and Willm, A Supl 7, 247 
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potassium peimanganate Wuiclel “ and Konigs obtained it also 
by treating the same alkaloid with nitric or chromic acid 

It IS foimed further by tlie oxidation of sevcial othei cinchona- 
alkaloids/^ by the oxidation of Icpidine/* and of ^^-ethylqninoline 

Cinchoninic acid ci\staiLizes with one molecule of w'atci in 
needles, 01 with two in pnsms, Us melting-point is 253-2=; 
Heated with lime it is conveited into C|uinoline Potassium pel- 
manganate oxidizes it to a-carbocmchomeiomc acid (^page 67), 
nitric acid to cinchomeiomc acid (page 62), and chromic acid to 
kyniiiinc (page <87) 

The caiboxvl gioup m cinchoninic acid must occupy the ^^-posi- 
tion, since the other positions possible aie taken by the six isomciic 
acids aheady discussed 

In 1870 Skraup*'^ obtained a derivative of y-ciuinohne Ctu|joxYh< 
acid b\ oxidizing cjiiinme with chromic acid. There is thus 
fuimecl a monobasic acid of the formula CnHyNO^ w'hich he 
named qiiuiniic acid This acid ciystallizes in {irisms wdiich melt 
with decomposition at 280° Heated wnth hydrochloiic acid to 
220-230°, quminic acid loses a methyl group and is con\erLed 
into \anlhoqiiininic acid 

C,,H,N03d- HCl CJ-I,NO,+ CH3CI 

Oiiininic acid Xanthonmninic 

a< id 

The latt( 1 acid melts w'lth decomposition at 310° At this tem- 
pciatuic the caiboxvl gioup is lost and theic is formed a clerna- 
ti\e, CJ-I7NO, which is identical with /?-o\}'quinolme (page 87) 

Xanlho(|uinimc acid is accoidmgly the carboxyl den\ati\e of 
/;-o\V(iuinoline, and (|Uinmic acid that of /?-meLhoxyc|umolme 
The [)()sition of the caiboxyl gioup in both these acids is shown 

" \Vi Kill, \ 173, 7a 

Rome's, B 12, 07 

’'Skrui[), B 12, 2", o, M TO, 220 Foist cind Bdhrtngcr, B 14,436, 15, 
kunigs, B T7, Ti)S4, 26, 713, 27,000 Claus and Weller, B 14, U)?i Freund 
and BosensiLin, \ 277, 277 Si linidersrhiuch, M 10,51 Strachc, M ro, 6^2 

"W'cKhl, M 3, 70 Iloogtweill and van Tloip, R 2, 1 
B 19, 20(^5 

'^Sl laiii-), M 2, 5S0, 4, b()S, B 12, T106, t6, 26S4 
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by the fact that quimnic acid is oxidized by potassium peiman- 
ganate to oi-carbocinchomeronic acid (page 67). 

COOH COOH 

N 

Xanthoquiniruc acid Quininic acid 




CHAPTER IX 


ISO QUINOLINE 

IsoouiNOLiNE was cliscoveiecl in 1885 by Ploogcwcrff and van 
Dorp ^ in coal-tar, whcic it is found in small quantilics with its 
isomer, cjuinoline The sepaiation of the two bases is eftected 
thiough then sulphates, that of isoquinoline being much less solu- 
ble than that of quinoline 

Isoquinoline is a coloiless liquid (boiling-point 2^0°) of quino- 
line-like odor, indeed, in almost all its piopcitics it closely 
resembles its isomer It diflers from quinoline most markedly 
in its high meUing-poml, which lies at +22°, m the solid condi- 
tion it foims well-defined, white, tabular crystals 

Isoquinoline, like quinoline, results horn the union of a p) iidinc 
ling with a benzol ring While in the case of quinoline the benzol 
nucleus is attached to the a:/ 3 -carbon atoms of pyiidine, m the 
case ot isoquinoline the points of attachment aie the [Jf-carhon 
atoms. 

H H 

c c 

H H 

IboquinoLne 

We may then regard isoquinoline as a naphthalene in which 
one of the CH-groups in the ^-position has been replaced by a 

^ lioogcwLrff and van Dorp, R 4, t2c;, 5, 305 

TU7 


H H 

C C 

I II 1 

C N 

H 

Oumoline 
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mtrogen atom. A synthesis of isoquinoline tium naphthalene has, 
indeed, been effected ^ 

Isoquinoline is of particular interest, since it has been shown 
that irom it are derived stveial of the inipoitant alkaloids, as 
papaverine, narcotinc, and hydrastine 

The constitution of isoquinoline follows fiom its chaiacteristic 
behavior on oxidation 

Treated with an alkaline solution ot potassium permanganate, 
there is obtained a mixlure ot phlhalic and cinchomeionic acids ® 
.V .COOH IIOOC, ^ 


I I I 

\/\/ 


N 


Isoiiuinoline 



PhthaJii acid 


IIOOC'^ 
CinLhunicronic acid 


Here, unlike the action in the case ol c[Uinohne, the benzol and 
pyridine nuclei are attacked at the same time by the oxidizing 
agent If, howevei, a neutral solution ol potassium [)ei manganate 
IS employed, the benzol nucleus lemauis intact and theic is foimed 
phthalimide * 

The constitutional foimula assigned to isoc[Uinolinc is fuither 
sup[>orled by the vaiious syntheses ot the base The following 
are the most impoitant ol these given in then chionological order 
I Schwaneif'* observed in 1859 that hippiuic acid is con- 
verted by the action of phosphoius peiilachloi ide into a body 
ot the foimula CJ-L^CUNO In 1886 Rugheimei " showed that 
this was an owdichlorisoquinohne, on lediicing thi^ deiivative 
with hydriodic acid, he obtained isu(|iunohne 



Hippunc acid r-0\^ djchluriiaonuinolini rt,o(iuinohn(-‘ 


“ Bamberger and LucUcr, B 26, 1833 
^Hoogcwcill and van Dnrp, R 4, 281^ 
OnldisrhmK^ai, IM p, 

^Srhwanoit, \ 112, v) 

® Rugln imm, Bp iq, iiCig, 21, 3321 
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2 The same }cai Gal)iiGl^ discovcicd a much bclLci method 
foi the synthesib ot isoquinohnc The ammonium salt of homo- 
phthahe acid on distillation yields homophthahmidc. Phosphorus 
oxychloride conveits this into dichloiisoc|uinolme, which is re- 
duced by hydriodic acid to ibOC[umolme 


— CH,— COOH 

—coon 

IIomopliLhalic acid 


CH,— CO 

■ I 

\ / — CO— NH 
IlomuphthaUmide 


cn 

ca=N 

Dichlonsoquinolinc 


/ \ — CH=CH 

1 1 I 

CH=N 

IsocTuinuhnc 


Homophlhahmide is also converted into isoquinohnc by 
distillation over zinc-dust® 

3 In t 8 c )2 Pictet and Popovici succeeded in synthesizing 
isoqumoline directly by passing the vapor of benzyhdenc-eth}!- 
amine through a lube heated to redness 



c II CH 

Benrylidcnt cLh/lamini Ibuqumobnc 


4 hn inteicsting method ot picpaiing isoquinohnc from 
naphthalene was discovcied in the same year by Bamhorgei and 
Kitschelt/” and almost at the same time by Zmeke 

On ticatment with hypochloious acid, / 3 -naphthoquinone 


^ Gabriel, B 19, 165s, 2355 
^ Lc Blanc, B 21, eegq 
“ Pictcl and Popo\iii, B 25, 733 
Bamberger and Kitschell, B 25, 1138 
" Zmeke, B 25, 1493 
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undergoes oxidation and molcculai reaiiangemenl to isucoumarin 
carboxylic acid 


CH 

CH 

/^\/^\c— COOH 

\ y\ /CO 

\ /\ /*^ 


CO 

/?-Naphthonuinone 


CO 

IsoLULimann carbuwlic acid 


This acid contains a pyione iing ([lage 20) and consequently 
easily exchanges its oxygen loi the NH-gioup, thus forming 
isocarbostyril carboxylic acid On being heated this latter acid 
loses Its caiboxyl group and is converted into isocaibostyril^ 
which can be leduced to isoquinohne by distillation with zinc- 
dust 


CH CH 



CO CO 


Isocnuinann carbo\\ lie acid Isocarbustynl carboxvlic ncid 


CH 



CO 


IsocarbobtvM il 


CH 



Iboquinulme 


5 Isoquinohne is further foimed by the action, of concentrated 
SLilphuiic acid on benzylamidoacetaldehyde/- 01 on benzylidene- 
amidoacetal, C^Jr{^—CH='N — CH^— CH(OC2H5)o.‘'^ 


CHO 



CH, 


Benzvlainidi lacetaldehydc 


CH 

"\/\ 

CH 

Tsoquinoline 


CH 

N 


+ 2 ll ,0 


E FislIkt, B 26, 764 
‘^Pumcran/, TNI 14, ir6, 15, 29c; 
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0 Bambeiger and Goldschmidt obtained isoqiimolinc by 
heating with phosphoiic anhydride both tlie isomeric oximes 
of cinnamic aldehyde, CqHsCH^CH — CH=NOH In this 
case a moleculai real range meat must occui similar to that ol 
Beckmann. 


Substitution-products of Isoquinoline 


Oi the numerous subslitulion-prodiicts of isocjumolinc wc 
shall mention here only those which are obtained as pioducts 
of decomposition of the natuial alkaloids 

I m-p-Dimcthoxylii^oquuwliuc it, formed by fusing papa\'enne 
with caustic potash Its constitution is shown by the products 
ol Its oxidation with potassium pcimanganate There is thus 
obtained a mixtuie of metahemipinic (page 288) and cmchomer- 
onic acids (page 62) 


CH ,0— 
cir,o— 



N 


m-t> Dinictho\\ liaoquinoline 



COOH 


TOOI-t 

Mctahemipimc acid 


HOOC 


N 

HOOC' 
Cinchoineronic acid 




2 \ caiboxyl del iva live of the above base is formed by the 
oxidation ol papavciine with potassium permanganate, this is 
m-p-di}iic(lio\ylisoquniohnc cx-ca}boxylic acid' 



cooi-i 


Its constitution is shown by its yielding, on more energetic 
oxidation, metahemipinic and a'-carbocinchomeromc acids 

3 A m(ah}'lisoquinolme has been prepaied by Krauss by 


" BLimbcrger and Goldschmidt, B 27, 1954, 2795 
Goldfachmiedt, M 7, 485, 9, 327 
Goldschmaedt, M 6, 054, 8, 510 
KraubS, M it, 350 
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distilling over zinc-dusL papaveroline, a pioduct of the clecom- 
pobition ot papaverine (page 286) It p)iobably i)0sscsbc^ the 
loimula, 




N 


Cli. 


although in the properties oi its salts it differs somewhat Irom 
the ba^e ot the same constitution, which was synthesized by 
Pomeianz by the action of concentialed siilphuiic acid on a 
mixture of amidu acetal and acetO[)henone 



CII(OC,H,), 
\ 

CH, 

+ 1 

NH, 

CO 


^ido-acetal 


CH, 

Acctophenorn' 



2C>H^Ori+H,0 


4 Frilsch has synthesized a melkykne-dioxyisoqiimoline 
by condensation ot piperonal (page 145) with amiclo-acetal and 
treatment of the resulting product with sulphuric acid 


/O- 

CH, 

\ 0 - 


CH(OC,I-hh 


,/\ NH, 

CHO 

Piperonal ^mido-acetal 


/0~ 

CH> 

\0- 


CH, I 


CIUOCJI5), 

\cH. 

. Jn 


4- II>0— > 


n-r 

Piperunal-acetalamin 



Metli vitHL-dinwisoqumoline 


2CJ-I5OH 


" Ponicr.inz, M IS, 299 
" rrii^th, \ 236 , r 



ISOQUmOLINE 


When the methyl iodide of this last base is leduced with tin 
and hydrochloiic acid, theie is obtained a mi’lhylciic dioxy 
melJiyllchaliydroisoqnuioline, which is identical with hydrohydias- 
tinme (page 317) 


CH CH„ 



'J- XT' 

CH CH, 


Methylene-dioxvisoquinohne HydroliydrasLininc hydnodide 

methiodide 
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CHAPTER X 

DISTRIBUTION AND GENERAL PROPERTIES OF THE NATURAL 

ALKALOIDS 

Occurrence. — The alkaloids are found dislnbutcd throughout 
the vegetable kingdom in almost all the difleient plant families 
Some famihes, indeed, aie maiked b)'' the large number ol alkaloids 
which they produce, such, foi example, are the Rubiacca:, 
Apocynacea*, Solanaceie, Papaveraceie, and Leguminosre In 
others equally important, however, as the Labiatie, Rosacete, and 
Oichidaccte, no alkaloids have as yet been found. 

The alkaloids occurimg in any case in the same plant gcneially 
bear the closest chemical relation to one another. Often they 
foim a homologous senes, frerpiently they arc isomcis, oi even 
stereoisomers In other cases the only difference between these 
bodies IS the amount of hydrogen or oxygen which they con- 
tain, so that by icduction or oxidation they can be converted 
into one another Theie seems to be thus an intimate con- 
nection between the propel ties on which the classification ol 
plants IS based and those which should naturally dctcimine the 
classification of the alkaloids The interpretation of such rela- 
tions will be much simpler, however, when the molecular 
structures of a much larger number of the plant bases are 
definitely known The same alkaloid is larely met m dilfercnt 
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families, biU not infiequenQy an alkaloid is characleiistic of a 
family, or even of a species 

There is, however, a small numbei of weak bases of no par- 
ticulai physiological activity which aie found in various plants 
beaiing no botanical relation to one another These bases may 
be divided accoiding to then chemical constitution into thiee 
diifeienl gioups, of which the rcpiescntative members aie xan- 
thine, choline, and asparagine They differ from the remaining 
alkaloids, howevei, in that they appear to be not assimilalion- 
p}odiids of the plant oiganism, but dccom position- products ol 
more complicated derivatives 

The alkaloids aie raiely found in the free condition in natuie, 
but usually in combination with such acids as commonly occur 
in plants, as, loi example, malic, citric, oxmlic, succinic, or tan- 
nic acid In some cases ceiLain alkaloids are associated with 
characteristic acids Thus with the cinchona alkaloids is found 
qiiinic acid, with opium, mcconic acid, with aconitine, aconitic 
acid. 


Physical Properties. 

By far the greater number of the plant bases are solids, chiefly 
cr}'stalline in character, though some are amorphous, a few are 
liquids at the ordinaiy temperature 

The solubility of the alkaloids in the ordinary solvents is 
quite vauablc The most are insoluble or little soluble in cold 
watei, some others, on the other hand, are easily soluble in this 
liquid In geneial they dissolve readily m alcohol, somewhat 
less readily m ether, chloroform, and benzol, and still less leadily 
m ligroin 

The free alkaloids as well as their simple salts are m the pure 
condition almost all colorless Among the few which are dis- 
tinctly colored are berberme, smapine, harmahne (yellow), and 
sangiiinanne (lecl) The phenomenon of fluorescence is shown 
by some, particulaily by quinine. 

The solutions of the free alkaloids or their salts are in general 
bittei to the taste, or sharp and burning. The most of the alka- 
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loicls show an alkaline reaction towaid litmus In some casob 
the presence of acid groups, such as carboxyl oi hydroxyl, pio- 
duccs a neutral or even a slightly acid reaction 

Almost all the plant bases are optically active, although a 
few are indifferent in then behavior towaul [lolaiized light. 
Ot these latter, some owe their optical inactivity to the absence 
ot an asymmetric carbon atom in the molecule (com[)are pipeline, 
papa\erine, narceine, etc), others, as atropine and lu[)inine, aic 
racemic mixtures and can be separated into then optically active 
constituents. 


General Chemical Reactions. 

The investigations which aim to detennine the constitution 
of any oiganic compound take two distinct diiections They 
must m the fiist place establish the chemical natuie of the com- 
pound in question by ascertaining the function of cveiy atom in 
the molecule In the second place they must tiansfoim the 
compound into simpler derivatives of known constitution This 
double aim can be attained m the case of the naluial alkaloids 
in various ways Theie are, however, ccitain gcneial methods 
of investigation which have been successfully employed in study- 
ing these bases and certain characteristic reactions which aie 
common to the dittcrcnt rcprescntatucs of this class of bodies. 
We will 6rst briefly consider these before discussing in detail 
the lesults which have been obtained for the individual alkaloids. 

Oxygen. — Of the alkaloids known, fouileen only do not 
contain oxygen. These are coninc, methylconine, r-coniceme, 
nicotine, nicotimine, nicoteine, nicotcllmc, spaitcme, lupiniduie, 
curarine, conessme, aribiiic, adenine, and hvmenodictinc. 

AH the others contain this clement. Consequently it is of 
the utmost importance to determine the function of the oxyn-cn 
in the \anous alkaloids. 

I The ox 7 gen is often present m a hydroxyl group In this 
case by the action of acetic anhydride, acetyl or benzoyl chloi idc, 
there aie prepared acetyl or benzoyl dern^atives, whose analysis 
enables us to determine the number of hydroxyl groups m \hc 
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uiiginal substance. Il has thus been shown, for example, that 
cinchonine contains one, morphine two, aconitine tliLee, and 
sohininc six hydroxyl gioups 

These liydroxyl groups are generally alcoholic in charactei, 
allhough not infiequently they aie ot the phenol type Thus 
moiphinc and cupieine arc true phenols, they dissohe m alkalies 
and aic leprecipitated by caibonic acid, in alkaline solution 
they aie converted by the alkyl iodides into estcis, etc 

The most of the alkaloids containing h3droxyl readily lose 
the elements of water and pass into unsaturated deiivatives, 
when they arc acted upon by dehydrating agents (concentiated 
hydiochloric acid at 150-200°, sulphuiic acid, phosphoric anhy- 
dude, ^inc chloiidc, etc ) Thus, fui example, ecgonine, CJiisNOj, 
conveitcd into anhydioecgonme, CoH^NO,, moiphinc, 
CtytlmNOj, into apomoiphine, Ci7Hi7N02, etc 

-V hydioxyl group is hequcntly eliminated by hist substituting 
for iL a halogen atom and then treating the resulting halogen 
derivative with an alkali Cinchonine and cinchomdine, 
Ch)H^iN 2(OIT), with phosphorus pentachlonde give the isomeiic 
deiivatnes which on lurther tieatmenl with alcoholic 

potash aie conveited into cinchene, quinine and quinidme, 
C^qI'TiN^Oj, in a similai manner give use to quinene, CsoITsNoO 
Conhydiine, CsHmN(OH), with hydiiodic acid gives the 
iodide CyHtoNI, which is converted by alkalies into e-comcemc, 

2 The ox\^gcn ot the alkaloid may occur in a methox}! group, 
OCH-3 (nciLhei the cthoxyl, OC2H5, noi any othci homologous 
gioup has as yet been met in a natural alkaloid) At a tcm[')cia- 
turc ot about 150°, hydiochloi ic, 01^ hydriodic acid, will act upon 
such a deiuativc, eliminating the methyl as methyl chloride, 01 
iodide, and loiming a hydiox}! derivative, which conlaint. just as 
many hydroxyl as the original substance possessed inethoxyl 
gioups 

Zeisel ‘ lias developed a general method for determining the 


ZcMbel, M 6, qSq 
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methoxyl groups in organic compounds, which is based on this 
reaction The method consists in boiling the substance (o 2- 
03 g ) with hydriodic acid of specific gravity i 68 (to c cm ) 
and passing the methyl iodide thus formed into a leceivei con- 
taining a solution of silver nitrate The methyl iodide is hereby 
decomposed with the formation of silver iodide. From the 
weight ot the lattei the number of methoxyl groups is determined, 
since one molecule of silver iodide coiiesponds with one methoxyl 
gioup 

Among other important alkaloids, the methox}! gioup is 
found in the tollowing 

One in quinine, codeine; two in hydiastine, brucine, three 
in naicotme, four m papaverine, aconitine, and six in pseud- 
aronitine 

A group containing oxygen which is met with among a number 
of the alkaloids is the diatomic one, CHss^q (compaie 

piperme, narcotine, narceine, hydiastine, and beiberme) 

3 Oxygen is found fuithei in the molecule of the alkaloids 
in the form of the caibonyl gioup, CO, as ketonic oxygen. The 
occurrence of this group is, howevei, rare It has been shown to 
be present, indeed, in only three alkaloids, pseudopclletierme, 
hygrine, and narceine These bases form both oximes and 
hydiazones 

A carbonyl between two nitrogen atoms, =N — CO — N=, 
is characteristic of the alkaloids of the xanthine gioup (cafleine, 
theobromine, etc), which in then constitution aie closely lelated 
to uric acid 

4 A certain number of the alkaloids are acid in character, 
and have a pait, 01 all of their oxygen, in the form ot cafboxyl 
ox7gen, COOH This group is recognized by the ability, which 
it gives to the substance containing it, to form an ester with 
alcohol in the piesence of a mineial acid 

Thus bcnzo)lecgonine, narceine, citiazinic acid, and all the 
dcrivatnes ot asparagine contain the carboxyl group 

Often the acid and basic gioups in the same molecule mutually 
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compensate each other 111 the free base and derivatives of the 
betaine type are formed (betaine, trigonelline, arecaidine, etc ) 
Sometimes, from the interaction of an acid radical and a hydroxyl 
group, latloiies are foimed (naicotine, hydrastme) 

5 Lastly a laige number of the alkaloids aie esters and con- 
tain the group R — CO — O — R' These can readily be decom- 
posed by hycliolysis into the acid and the alcohol The saponifying 
agents usually employed are water at 100-150^, the mineral 
acids, baiyta-water, and the caustic alkalies In this way, for 
e\amf)le, atropine is decomposed into tropic acid and tropinc, 
cocaine into benzoic acid, ecgonine, and methyl alcohol. 

In certain cases the non-acid product ot the saponification 
IS a sugai , solanine is, for example, a nitrogenous glucoside. 

Nitrogen. — The natuial alkaloids contain in the molecule 
one or two atoms of nitrogen, raiely three, only the bases of the 
xanlhme group possess a highei number (four or five) 

A certain number of the plant leases whose molecules contain 
several nitrogen atoms are, neveitheless, monacid bases, 1 e , they 
can unite with only one molecule of a monobasic acid Such, 
foi example, is the case with strychnine, brucine, and the most 
of the alkaloids of the xanthine gioup 

The general reactions of oiganic bases with alkyl iodides, 
acid anhydrides, nitious acid, etc , indicate also, in the case of 
the alkaloids, to what class a base belongs 

Piimaiy bases have been observed as yet only in the aspaia- 
gine gioup and in the case of adenine, a derivative of xanthine 
Only a few secondaiy bases aie known (conine, anhydime, 
chrysanthcmine, caipaine, giivacine, ephedrine, Y->scudephediine) 
By tar the gieatei numbei of the alkaloids are tertiaiy bases 
In some instances, lasJy, the nitrogen functionates as a penta- 
valent element The derivatives heie fall either into the class 
of the betaines (betaine, tiigonelline, pilocarpine) or into that 
of the ammonium hydroxides (choline group) 

The nitrogen atom is tightly bound m the molecule of the 
alkaloid and is removed only with difficulty by simple reactions 
at the ordinaiy temperature 
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With the primary bases, however, it is quite difterent, since 
by the action of nitious acid the nitrogen is eliminated as such 
and the base is converted into the coi responding hydroxyl dcriva- 
tne 

It may also be mentioned heie, as an example of the ease 
with which nitrogen is in some cases split oft, that certain alka- 
loids of the ammonium type (choline, pilocaipine) are decomposed 
by boiling water into hydroxyl derivatives (glycol, pyridine- 
lactic acid) and Inmethylamme 

The cases indicated, howener, are exceptional ones and I'elate 
only to alkaloids ol certain structuies In general the plant 
bases are characterized by the firmness with which the nitrogen 
atom IS bound to the lemainder of tlie molecular complex This 
IS to be explained by the tact that the nitrogen atom in the alkaloids 
docs not stand in an open chain, but in connection with se\eral 
caibon atoms foims a closed chain, oi ring Consequenth , in 
the elimination of the mtiogcn the entire molecule at the same 
time sufters decomposition, but this can only be brought about 
by violent reactions, such as distillation over zme-dust oi 
lime, melting with caustic potash, the action of powerful oxidizing 
agents, or sometimes strong heating with the halogen acids 

These dee[)-scated decompositions of the molecule ollcn 
aflord valuable indications regarding its structure In particular 
they enable us to delcimine the nature and the nunibei of the 
alk\l groups attached to the nitrogen Thus several alkaloids 
} leid meth}lamine when they are heated wnth caustic [lolash 
or distilled with lime, others under the same conditions give 
dimeth} lamine From these results w^^e naturally conclude that 
the former contain the group N-CH^ and the latter the group 
N(CH3)2 Still other alkaloids afford trimethylannne, these 
accoidmgly belong to the group of the quaternary ammonium 
bases 

In the decomposition of the natural alkaloids, no amines 
othei than those just mentioned have ever been obtained. Con- 
sequently methyl is apparently the only alcoholic radical wdiich 
occurs attached to the nitrogen in these bodies. 
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Many alkaloids, as citrazinic acid, conine, papaverine, etc., 
yield onh ammonia when they are treated with caustic potabh 
or strong oxidizing agents These bases accoidingly have no 
alk^lgloup attached to the niLiogen 

Methyl gioups bound to the nitrogen aie eliminated as methyl 
odide and aie leplaced b}' an equal number ol hydrogen atoms, 
when the hydi iodic acid salt ot the base is subjected to dry distilla- 
tion 

Fiom this reaction Heizig and Meyer - have woiked out a 
method ioi deteimining the meth) 1 giou[)s which is analogous to 
that ot Zeisel loi deteimming methox) 1 gioups The hydiiodide 
ot the base is heated eithei alone oi with ammonium iodide, and 
a small amount ol hydiiodic acid, and the methyl iodide evohed 
IS led into a solution ot silvei niLiate 

In this way ihcie haye been tound three methyl gioups m 
chiysanthemine and catleine, two in cuscohygunc, naiceme, 
and thcobiominc, one in tiigonellmc, arecohne, methylcomne, 
nicotine, hygrine, pseudopellctieiinc, atiopine, cocaine, moiiihine, 
codeine, naicotinc, and esenne, and none in lupinine, lupamne, 
cinchonine, and haimaline 

It was shown abo\c that it is difficult to eliminate the niliogen 
atom from the molecule ol an alkaloid, since in general this 
atom foims a constituent part of the iing The stability ol this 
ring, at least of the pyudine ring, which is so frequently met, 
continues only as long as the nitrogen retains its tiivalent condi- 
tion II, howevei, the live aflinities oi the atom aic satisfied, ior 
c\am[)le, by the addition ol an alkyl iodide, a salt ol a quaternary 
base being thus ioimed, the stability of the ring is greatly de- 
creased An instance of this has already been noted in the o\ida- 
lion ot quinoline 

Hofmann has made use ol this peciihaiity to eliminate the 
nitiogen horn a cyclic dciivative His method consists in sub- 
jecting the hydroxide ot the quatcinaiy base to the action of 
heat or ot alkalies By successively foiming and decom[)osing 


’’Herzigand M^yer, B 27, 31Q, M 15, 613, 16, 51)9 
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these quaternar}^ bases, the nitiogen is geneially finally c'limmatrcl 
as a tertiary amine and there is left an unsaturatecl hyclrocaiboii 
the study of whose constitution has often thrown light on the 
constitution of the original base The mechanism ol this leaction 
has already been discussed in stud>mg the decomposition of 
piperidine '-8) 

Tins process of Hofmann has been employed \Mth acl\'antagc 
in the case of a numbei of the natural alkaloids oi their deriva- 
tives, as conine, tropine, tropic acid, anhydioecgonine, p^^cudo- 
pelletierine, cinchonine, codeine, thebainc, cotarnme, h3^draslininc, 
cytisine, and cholchicinc 

Reduction. — Many of the alkaloids are unsaturatecl bodies 
and are consequently easily acted on by reducing agents, sucli 
as sodium amalgam, sodium and alcohol, hydi iodic acid, tin 
and hydrochloric acid, zinc and hydiochloiic acid, etc. In this 
way n-coinccine, C^Hjr^N, is convcited into conine, C^HiyN, 
hydrasLinmc, CnHuNOj, into hydrohydiastimnc, CnHi^NO,, 
papa\erine, C20H21NO4, into tetrah3Mropapaveiinc, CaoHj^NO,, 
cinchonine, quinine, and then isomers into di- and tetrahydrogen 
dernatives 

Not infrequently the reducing action produces a decomposition 
of the molecule, the nitrogen being eliminated as ammonia or 
as mcthylamine Thus when tropidme and conine arc heated 
strongly with hydnodic acid, the foimer gives a heptane, the 
lattei normal octane. In a, similar way on reduction with tin 
and hydiochloric acid, citrazimc acid foims tricarban}'lic acid,. 

The alkaloids which can add hydrogen just as reaclil}'' unite 
with the halogens, the hydiogen halides, Inpochlorous acid, ctc. 

Oxidation — Of all the reactions to which the alkaloids have 
been subjected those of oxidation have aftorded the most \"aluable 
data foi the determination of constitution 

The activity of the different oxidizing agents is quite vaiiablc, 
so that it is often possible so to choose these agents as to obtain 
from the same alkaloid a series of products representing dificrent 
degrees of oxidation 

A weak oxidizing action is shown by potassium feiricyanide 
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in alkaline solution, iodine in alcohol, h3TJiogen peioxidc, “chlonde 
of lime,” oxygen of the air, ozone, and the salts of gold, silvei, 
mercury, platinum, and non. 

These eithei tend simply to remove fiom the alkaloid a pait 
ol Us hydrogen, as in the conversion of nicotine, to nico- 

tyiine, C,oHioN,; moiphine, C^yHitjNOa, to pseiidomorphine, 
(CiyHjtjNOa)^, and haimalinc, CigHiiN^O, to harminc, C13H12N2O; 
01 they cause an addition ot one 01 more atoms of oxygen, as 
in the oxidation of stiychnine, C2iH2jN‘202, to oxystrychiiiinc, 
C21H22N2O3, nicotine, CioHnN,, to oxynicotine, CioHijN>0 
These products of mild oxidation aie often found to be identical 
With other alkaloids occuriing m the plant. 

By stiongci oxidation an atom of caibon is expelled from 
the molecule of some alkaloids in the form of caibon dioxide or 
ioimaldchydc. Thus with potassium permanganate in alkaline 
solution, 1 1 opine, pseiidoti opine, scopohne, methylgranatoline, 
and ccgoninc lose a methyl gioup attached to nitrogen and are 
conveitcd into secondary bases So with peimanganate in 
sulphuric acid solution, the cinchona alkaloids yield weak mono- 
basic acids by the oxidation of the gioup — CH=CH2 to caiboxyl 
By still more cneigetic oxidation, as when the oxidizing agents 
aie chiomic acid, nitiic acid, 01 manganese dioxide and sulphuric 
acid, a largci number of carbon atoms are oxidized away, giving 
rise to formic, arctic, oxalic, or caibonic acids, other carbon 
complexes aie not separated from the molecule, but are changed 
to caibox}'! gioiips and remain attached either to the aiomatic 
or the nitrogenous nucleus, the most stable paits of the molecule 
Theic are thus obtained the mono- and poly carboxylic acids ot 
benzol, pyiidine, quinohnc, isorpimohne, and pyrrolidine 

Se^clal alkaloids such as cytisine, vcratrine, acomtme, and 
emetine aie completely destroyed by oxidizing agents There 
IS then a veritable combustion, the products of which are ammonia, 
methylamme, caibon dioxide, and oxalic acid 

Action of Alkalies at a High Temperature.— By fusion with 
caustic alkalies, or by distillation over lime, sodadime, or bar}da, 
the most of the alkaloids suffer a deep-seated decomposition. 
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which otteii aftoids valuable mdicalions regaiding the constitution 
oi these natural bases Here as in the cah(^ of oMdation the 
less lesistant parts of the molecule, the side chains, aie aflected 
and only the stable complexes, as the pyridine and aiomatic 
rings, remain intact Consequently the end-pioducts ol the 
reaction aie compaiatuely simple deiivati\es, which in man\ 
cases aie to be legardecl as mothei -substances ut the alkaloids 
in (juestion 

It IS necessaiy, howevei, to a\oid diawing too hast} con- 
clusions fioni this mode of decomposition, since the high tem- 
peiatures retiuiied for the leacLion may give use to such con 
densation-pioducts as aie loimed in pyiogcnctic [iioccsses 
Accordingly the lesults obtained arc always to be ciiticall) com- 
paied with those secured fiom othci modes of decomposition 
Such a compaiison is further essential since the action ol the 
caustic alkali may cause the nitiogen to be diiven out as ammonia, 
and the complex remaining would then easily undergo condensa- 
tion at the high tempeiaturc 

Distillation with Zinc-dust.— The dislillation of the alkaloids 
ovei zme-dust frequently gives use to the same pioducts ol de- 
composition as are toimed by fusion with caustic alkalies 

In general, howe\ei, the action takes one of the two following 
directions 

In the case of alkaloids containing oxygen the zinc pla3s 
its customary role as a reducing agent and the oxygen is remo\'ed 

AUvaloids free fioin oxygen expeiieiice, on the contiaiy, an 
oxidation, a certain mimbei of hydiogen atoms being eliminated 
This latter reaction undoubtedly depends on the fact that zinc- 
dust ordinal ily contains large quantities of zinc oxide. 

Classification of the Alkaloids.— As w^e indicated m the in- 
troduction, the alkaloids, in the sense in which we have used 
this woid, are far from forming a homogeneous and well-defined 
class of compounds What we know concerning the constitution 
of some of them would place these in dilTerent senes of oiganic 
chemistry, but for the greater part the data necessaiy for a lalional 
classification are wanting All that can be clone in a study such 
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as this IS to aiiange the alkaloids in a small number of gioups, 
which aic based on similaiilies in consLituLion 01, whcie this is 
necessaiy, on the common ongin of those within a gioup 

In the scheme which follows the alkaloids arc clasbified largely 
according to then likeness in constitution, but it has not been 
deemed advisable to sepaiate alkaloids occuiimg in the same 
plant, even though the constitutional difieicnccs arc great. 

I. A^lkaloids deiived fioni pyridine (alkaloids of the hemlock, 
pipeline, Liigonelline, alkaloids ot the betel-nut palm, citrazmic 
acid, the tobacco alkaloids, the jaboianrli alkaloids, cytisincj 
spaiteine, the lupine alkaloids) 

2 Alkaloids dciived liom pyirolidine (the solanum alkaloids, 
the coca alkaloids, the alkaloids of the pomegianate-tiee). 

3. Alkaloids deiivcd fioin quinoline (the cinchona alkaloids). 
>1 Alkaloids dciived from isoriumolme (the opium alkaloids, 
alkaloids Irom Hydrastis canadensis and from Corydalis cava)^ 

5 Alkaloids which piobably contain th(‘ pyudine nucleus, 
but m a condition ot condensation as yet unknown (the sLiychnx.>s 
alkaloids, alkaloids of Pcganiim haimala^ alkaloids of the aconrte 
gioup, the \eiatium alkaloids) 

6. Alkaloids which contain no pNiidme nucleus (colchicine, 
the xanthine gioup, allantoin, the aspaiagmc gioup, the choline 
group, the alkaloids ol mustard seed, tiimethylamine). 

7 Alkaloids ol unknown constitution. 
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ALKALOIDS OF THE HEMLOCK 

The hemlock {Conmm macnlalum L , family of the Umbel- 
liferas) contains Ihice puncipal alkaloids 
Connie, CgHi^N, 
y-Coniceine, CgHisN, 

Conli3^drine, CgHiyNO. 

In smallci quantities there aic also found the bases: 
Pseiidoconhydrine, CgHi7NO, 

Methylconine, 

These alkaloids in the plant are in combination with malic 
and caffeic acidsd 

Tliey aic found in all pails of the plant, but paiticulaily m 
the fruit beloie it has fully ripened. This latter contains accoid- 
ing to Wertheim- about i per cent, conine and o oi pei cent, 
conhydrine. From the fresh leaves Dragendoiff obtained only 
about o 09 per cent, conine, and from the ripe, dry seed Geigci ** 
secured about o 7 per cent 


I. Conine. 

Conine was noticed as caily as 1827 by Gieseckc ‘ as the 
active principle in the hcmiof'k, and was separated by him as an 
impure sulphate. Gcigcr"^ in 1831 first isolated the fiee base 
and lecognized its alkaloid chaiactcr Liebig'"* assigned to it 


‘ Hofmtinn, B 17, 1923 
’’Wertbeim, A 100, 32S 
^ G(Mger, Magazm jm PJiajmacic, 35, 72, 259 
^Gieseckc, A Phaim [i] 20, 97 
® Liebig, Magaziii jui PJianiiacic, 36, 159 
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the foimula CqH,,NO, but it is probable that the substance 
which he analyzed was impure or impel fectly dried, since all 
later investigations have shown that conine does not contain 
oxygen 

The formula CgHir^N proposed later by Gerhardt was accepted 
until 1881 At this time Hofmann^ began a senes of investiga- 
tions which have aftoided us the principal data regai ding the 
constitution of the base, and m the course of w'hich he showed 
that It possessed two moie hydrogen atoms than the generally 
acccjited foimula indicated. The composition of conme is 
accordingly CyHiyN 

Conine is an oily, colorless lictuid, of specific giavity o 845 
at 20°, it distils without decomposition at 166^ under a pressuie 
of one atmosphere. It is rather difficultly soluble in cold watei 
(about I part in 100) and still less soluble in hot water, so that 
a cold, saturated solution becomes turbid on being w'armed. 
It dissolves in about six parts of ether, and in alcohol m all pio- 
portions. All its solutions arc dextrorotatory. It is burning 
to the taste and it acts as a violent poison, in the pure condition 
Its odor is penetrating, but not disagieeablc. The alkaloid is a 
strong base and precipitates the most of the metals from then 
salt solutions. 

Conine is the first alkaloid that was synthesized, and this 
eminent result we owe to Ladenbuig The constitution of 
the base had, however, already been well established by the im- 
portant \vork of Hofmann. An observation made by the latter 
investigator in 1884 pro\e(l of the highest value in directing the 
coLiisc of his imestigation On distilling conme hydrochloride 
over zinc-dust he unexpectedly obtained a large quantity of 
hydrogen and a base of the formula CgH^N, to which he ga\^e 
the name of conynne (page 40) 


^ Gerhardt, C r 1840, 373 

’ Hotniann, B 14, 705, 15, 231^^, 16, 558, 17, 82^;, 18, 5, ioq 
« Ladenbiirg, B 14, 24.00, 17, 1676, j8, 1587, 19, 4 ^ 9 . 257S, 22, 1403, 2583, 
26, S54, 27, 3062, 28, it>3, 1991, A 247, 1, 279, 344 



128 


THE VEGETABIE ALKALOIDS 


C,H.,N->C„H„N+3H,. 

Comne Conjnne 

Zinc chloride was tuund to pioduce ihe same result as zinc-dust. 

According to a later observation of Talcl/^ comne is also 
converted into conviine when it is heated to rSo'^ with silver 
acetate in a solution of glacial acetic acid 

These experiments show that comne is the he\a-hvdiogcn 
derivative of conynne, between the two bases exists the same 
relation as that between, piperidine and p}ridine Indeed, 
Hofmann appaiently succeeded in leconverting conyiine into 
comne by heating the base with concentrated h\Tli iodic acid 
to 280-300° The base thus obtained possessed the same compo- 
sition as comne and appealed to differ in no way fiom the natuial 
alkaloid Later, howevei, Ladenbuig showed that the synthe- 
sized comne was ojitically inactive, it accoidmgly constitutes 
the optically inactive modification of the natural pioduct 

The formula of conynne is that of a homologne ol p}iidine 
(collidine) By oxidation Hofmann con\erled jL into picolimc 
acid Since this is a monobasic acid, conynne itself can ha\'e 
only sidc-cham, it must accordingly be eithei cx-propylt)} iidme 
or a' isopropylpyridine 

Now this latter base has-been synthesized bv Ladenbuig 
(page 41), and it is not identical with conynne Fuitheimoje, 
according to an obscivation of Flofmann there results liom the 
action of hydnodic acid on comne at 300° noimal octane, a 
product which could not have been founed if comne contained 
an isopropyl group. 

Conynne must accordingly be 6\'-propylpyiidine, and comne 
the dextrorotatory modification of a'-prop}lpipcridme: 

CH, 

h.Cj/Nch, 

H.C\^CH— CH— CH2— CH, 

NH 

Cunine 

"TafLl, B 23, i6n 
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Accoiding lo Lhc abo\e formula conine is a sccondaiy base, 
one ot the itw leprcscntativcs of this class among the alkaloids 
All Its reactions, indeed, indicate the p)resence ol the innde group 
in the molecule Acetic anh3Tjridc, benzoyl chlonde in the 
picscncc of an alkali, foim with it the acetyl and benzoyl deina- 
lives respectively, with methyl iodide or potassium methyl 
sulphate it gives methy leonine, a tertiary base/’’ nitious acid 
produces a nitroso-derivative, chlorcaibonic ester a urethane, 
sodium hypobromite and “chloride of lime” convert it respect- 
ively into biom- and chloi conine,” in which the halogen atom is 
attached to the nitiogcn 

Oxidation of Conine. — Conine is easily oxidized Under the 
action of bromine- water, platinum chloride, nitiic acid, 01 chromic 
acid It yields ammonia and normal butyric acid Wischnc- 
giadsky states that undei these conditions he obtained a mono- 
caiboxylic acid ot pyridine, but the obseiwalion has not been 
conlumed Later Wolflenstem” oxidized conmc with hydrogen 
peioxide and secured from it a coniceine, CgHijiN (page 135), 
acetic acid, lmty}ylbntyric acid, 

CII, 

h.c/Nch^ 

HOOC COC3H, 

and awido- pro pylvalci aid ebyde^ 

CH, 

OHC yCHC^Hj 
NH, 

This last derivative is rcconveiterl into conine by the action 
of zinc and hydrochlouc acid, while on treatment with solid 

Pdbson, B 24, 1678 
Lcllmann, B 22, 1000 

\ 70, 7-^ Grunzwcig, A 162, 217, 168, 118 
WischnegradsLy, B 13, 2316 
Wolllenstem, B 28, 1459 
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alkalies it gi\es use to a mixture of coninc and coniceine. 
By oxidation, accordingly, the pyiidine ring is opened between 
the nitrogen and one of the neighboiing carbon atoms, and the 
open chain thus foimed is again closed by the action of reducing 
01 dehydrating agents These reactions arc stiictly comparable 
with those wluch have already been discussed in the case of 
piperidine (page 27) 

Similar results wdiich show the easy rupture of the conine 
ring by oxidizing agents have been obtained by Schotlen and 
Baum in the oxidation of two derivatives of conine, conyl- 
urethane^ 

CH, 

H,c/ NcH, 

N 

COOCJ-I5 

and henzoylcomnej 

CHo 

HoCn^^CHCjH, 

N 

COC„H, 

Conylene. — Wertheim observed in 1862 that by the action 
of nitrous acid conine is converted into a yellow oil ol the foimula 
CiiHinNjO, which IS difficultly soluble in water, acids, and alkalies, 
and which boils at 150-160° Since at that time C„H,,N was 
regarded as the formula tor conine, the close relation between 
this alkaloid and the body CsH^NjO escaped the attention ot 
Wertheim He, indeed, considered the latter to be a deiivative 
of conhydrine, CgHi^NO, and named it conseriucntly azocon- 
hydnne. It is, howevci, nothing other than mtrosoconine, 
NO It gives the characteiistic reactions ot a nitros- 


‘^Schollcn and Baum, B 15, 1047, 16, 643, 17, 2548, 19, 500. 
Wertheim, 'X 123, 157, 130, 
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amine, on IrcaLmcnt with an clheieal solution of hydiugcn chloiide, 
oi on reduction with zinc and hydrochlonc acid, it is iecon\crted 
into conine 

Weithcim obser\ecl, tiirthcr, an interesting decomposition 
of nitrosoconine produced by the action of phosphoric anhydiide 
When these two substances are heated together to 80-90° the 
nitrogen is eliminated and there is formed a hydrocarbon of the 
formula CJiu, tonylene 

CgH^.+N^+H^O. 

NitrosoLumne Conjlene 

Conylene is a colorless liquid which boils at 126° As an 
unsatuiated body, it forms an addition-product with bromine, 
n is insoluble in water and has no poisonous propeilies 

The same hydrocarbon is also pioduccd by the decomposition 
of coninc accoidmg to the method of Hofmann (pages 29, 122) 
As a sccondaiy base conine can react with two molecules of 
methyl iodide 

The product thus formed, the methyl iodide 0} mclhykoninc, 
yields with moist silvei oxide a hydroxide which on dry distillation 
loses watei and forms a new tcitiary base, dimethylconuic (a 
dextrorotatory liquid, boiling-point 182°) 

/CH, /CH3 

CsH,3-N< + H3O. 

\CH 3 

Mellivl Indmxidc of Dimetlivlioriint. 

7TieLhylconino 

If now the dimeth} leonine is subjected to the same tieatment 
as the preceding, i 0 , its ineth}! hydroxide is formed and heated, 
there lesults a second decomposition into tnmethylamme and 
conylene 

4h 

+ N^CH3 + H,0. 

\6h 

Methvl h^iro’^idc of Osnylene T^mefchy]am^ne 

dimeth ylconmc 
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As we sec, all these reactions are completely analogous to 
those which piperidine gives under the same treatment Conylcne 
must accordingly be regarded as a p}opylpiperylene: 

CH. 

HoCll IICHC.H, 

Synthesis of Conine. — The compaiatn ely simple composition 
of conine earl} incited a number ot in\ cstigatois to attempt 
the synthesis of the alkaloid It was not until iSSO, however, 
that Ladenbuig*® succeeded in eltcctmg the SNiithesis 

This investigator sought first to jirepaie a-piop} Ip} iiclinc 
and then to change this by reduction into a'-piop) Ipipeiiclinc 
He wished to use loi this puipose the piocess which he had ahead} 
employed in obtaining a number of the a'-siibslitution products 
of pyridine and which consisted in heating to 300° the addilion- 
pioducts of this base with the alkyl iodides We have alieady 
seen (page 41) that this process docs not in this paiticular case 
gi\e the dcsiied lesult, since the piopyl group at the tempeiatuie 
lequiicd undergoes learrangement to the isopropyl group Theie 
lb conseC[uently foimcd a muxluie of a and j -isopiopylpyiidine. 

Since this general method of piepaiation could not be employed 
in the synthesis of conine, Ladenbiirg souglU anothei \vay to 
attain this end He applied succcssiiilly to pyridine derivatnes 
a icaclion \vhich Jacobsen and Reimer had used in the quinoline 
senes (p 92) As these mvestigatois show', quinaldmc (a-methyl 
quinoline) reacts with aldch}'des so that tw'o atoms of hydrogen 
fiom the group CH3 aie eliminated wnth the oxygen of the alde- 
hyde group as watei and there is thus formed a dem^atue with 
an unsaturated side chain 



‘^Srluh, A. 157,352, 166, 88 Michael and GrundcLich, Am Chem Inui , 


2, 172 

'''Ladenbiirg, B 19, 430, 2578, 22, r-103, 27, :io62, 28, 163, iggi, 30, 4S5 
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In the btime way Ladcnbuig succeeded m condensing a picoline 
(a-meth) IpyridiiK ) with acetaldehyde to ally! pyridine 


I 1 + 

N 

a PicoUnp 


OCH— CH. 

•VLCltildi li ^ dc 



— CH=:CH— LH, 


N 


tt AH' IiJ rnline 


+ 


H,0 


By udiiction the allylpyi idine was con\'erttd into a-propyl- 
pi pend me ' 


Cii 

iic^" ^ri-i 

J'r--CH=i:CH— CH 3 

N 

ec- \ll\ l|j', ridino 


■fSI-I 


CII2 

H,r/ \CH, 

H„C\ yCH— CH— CH — f II, 

N« 

ri Prop\ IpipcndinL 


The actual raining out of the synthesis was, liowcvcr, some- 
what IroLiblcsoine Pai aldehyde condenses with o:-picohne only 
at a tempeiatuie above 250°, and even then the reaction is incom- 
plete Fiom 380 g ot a'-pjcolinc wcie obtained only 45 g ol 
allylpyndinc This is a liquid uhich boils at 188-192*^, it« 
constitution lollows from its conversion by oxidation into picohnic 
acid 

The base obtained by the reduction of the allylpyi idine with 
sodium and alcohol must be a:-[)ropylpipei idine It showed 
the closest lesemblance to the natural comne Its odor, ]<s 
specific giant}, its boiling jioint, its physiological i)iO[)cities weie 
exactly the same On distillation with zinc-dust, there was 
lorincd a body wdiich wxis lully identified witli conyiine In 
one point, how'evei, the s}nthesized base diflered liom the natuial 
alkaloid It w'-as optically inactive This inactivity was un- 
doubtedly due to the formation of the lacemic modification of 
conmc— a result w'hich w^as indeed to be expected, since in such 
a synthesis there is equal possibility of the production of dextro- 
and h'two-foims 

This explanation ot the inactivity w^as verified liy Ladenburg 
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in the sepaiation of the two foims by the fiactional ciysiallization 
of their bitartrates To a saturated solution ol the inactive 
propylpiperidine bitartrate was added a ci}stal of the natiiial 
bitartrate. The cr3stalhne precipitate which giadually lormcd 
was caiefully freed fiom the mothei -liquor These ciystals weic 
the bitartrate of dextio-cr-propylpipeiidine The base obtained 
from them by tieatment with an alkali was in all its chemical, 
ph}sical, and physiological pioperties exactly identical with the 
natural conine 

From the mother-liquor Ladenburg obtained a conine w^hich 
diQeied from the natural pioduct only in its optical activity; 
this was the hithcito unknown hevo-conine 

In iSgi Engler and Baiici effected a second synthesis 
of conine in the following Avay An equimolcciilai mixture 
of the calcium salts of propionic and picohnic acids, when 
subjected to dry distillation, forms a-cthyl pyudyl ketone: 


—CO— Clio— CH, 


N 


On reduction with sodium and alcohol this is converted into 
a'-ethyl pipeiid}! alcamine (page 54) and optically inactive 
a'-piopylpipeiidme, w^hich can be separated into its active forms- 
by fractional crystallization of the bitartrate 

More recently - Ladenburg states that on distilling conine 
hydrochloride o\er zinc-dust he obtained a base steieoisomcnc 
with dextro conine, the so-called isoconme, whose occuircnce is 
considered as due to the asymmetry of the nitrogen atom Tins 
isoconme is, however, only a mixture of inactive conine with 
dextro conine 

Engler and Bauer, B 24, 2530, 27, 

2 “ Ladenburg, B 26, 854, 27, 85^,859, 29, 2706, 34, 3416 
2* VVolllenstein, B 27, 2O15, 29, 19^6 
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2. METHYLCONINE. 

This alkaloid, which Kekule and von Planla mention as 
tarly as 1854, was first prepared in the pure condition by Wolf- 
lenstein in 1894 fiom the alkaloids of the hemlock It is a 
colorless, la^voiotatory liquid, of specific gravity 0.8318 at 24° 
and of boiling-point 173-174° 

It possesses the constitution 


[— C,H; 



It IS thus a nitrogen-methylated conine and may accordingly be 
prejiaied by heating conine with an aqueous solution of methyl 
potassium sulphate to 100° 

3. CONICEINES. 

Between conyrinc, C^HuN, and conine, we should 

accoiding to the theor}'^ expect intermediate products of the 
formukc CgHuN and CgHigN These derivatives may occur 
m several isomeiic foims in which some will be tcrtiarv, others 
secondary bases No dernative of the composition Cytli^N is 
as yet known, on the other hand, there arc five isomers of the 
formula CgHi^N whose pipparation we owe to Hofmann and 
Lellniann 

These so-called comceuics (telrahydroconyrincs or cr- propyl- 
pipeiidcines) have been synthesized m part fiom conine, m part 
from conhy chine 

'’^Kekule an<l von Planta, A 89, 120 
Wolffenstein, B 27, 2611 
Passon, B 24, 1678 

“®H(»imann, B 18,5, 109, 16, 55S LclJniann, B 22, 1000, 23, 680, 2141, 
A 25Q, n):, 
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a-Coniceme. — This was obtained by Hofmann by heating 
conhydrine with conccntiatcd h}drochloiic acid to 220° 


Cunh^dnne w-Coni cinc 


It IS a liquid which boils at 158° and is little soluble in watci 
It IS a teitiarybase and is moic ])oisonoiis than conme It is noi 
reduced by sodium amalgam, but h}di iodic acid at a liigh Icmpeia 
tuie (220°) con\erts it into conine 

The beha\ior of n-coniccine has been insuificicnlly studied to 
establish its constitution. 

Il is not impossible that it may be a steieoisomci ot d- and 
£-conic^ine (see below) 

/5 Coniceme — This was also pie[)aied by Hotmann horn 
conhydiine, in pait diieclly by treating it with jihosphoiie anh\- 
diidc, in part by distilling -with lime lodoconine which results 
fiom the action of hydi iodic acid on conhydrine 

CsH,7NO+HI ^ C,H,JN+ITO. 

ConliyJnne ludii^oninL 

ludoLonine /ff-Cuniceine 

^-Coniceine is a solid crystallizing in needles which melt 
at 41°, it boils at 168*^ It is little soluble in water, but quite 
soluble in alcohol and in ethci It acts as a stiong, secondaiy 
base, its })oisonous chaiactei is less pronounced than that ot 
conme 

In accoidance with our prcstriit mcws concerning the constitu- 
tion ot conhydiine, we may assign to / 9 -coniceine one of the two 
following formulie 


CFT 

CH 


H5C CH 

yCH— C^H, O'" 

HjCl JcH— CjH, 

N 

N 

H 

H 
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^'-Coniceine. — ^'-Coniceine is foimed by the action of alkalies 
■on chlor- or bromconine (page 129) 


C8H,oC1N^C,H„N + HC1. 

Chlorcumne r-ComccTne 


According to Woltleriblein ;-coniccine occurs also in the 
ciudc coninc of commerce 

it IS a licjuid little soluble m watei It boils at 171-172^, 
posscs^et) a veiy stiong alkaline leaction, and is one ol the mobt 
<LCt]\e poisons, being about seventeen limes rnoie poisonijus 
lhan coninc itself 

/'-Coniceine is a secondaiT base, optically inactive It is 
easily 1 educed either by tin and hvdrochlonc acid or by sodium 
and alcohol, aud is theieby converted into inactne conine On 
distillation with zinc-dust, con3rine is formed 

Fiom these vanoiis piopcities its constitution is established. 

Its optical inaclivilv is only explained by the absence of 
a hydiogen atom from the carbon atom, which in coninc is 
asymmetric Its case of reduction indicates the presence of a 
double bond. This must he between the asymmetric carbon 
atom and the neighboring carbon atom and not the nitrogen, since 
;-coniceinc as a secondaiy base contains the group NH. 

Conseciiiently we have the following lormula* 

CHo 

Hac/^.cir 

^ C— C3H7 

N 

H 

r-Conice!ne 


The above formation of ^-comceine from chlorconme must 
be explained in the same way as the lormation ot piperideme 


WoIlU nsLcin, B 28, 29, 1956 
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from chlorpiperidinc (page 23). Hcic also \vc aic to assume a 
migration of the halogen from the nitrogen to the a: carbon atom« 
/-Coniceine has less tendency to polymerize than pipencleine. 
This IS undoubtedly due to the piesence of the piopyl group 
0 Coniceme — Lellmann obtained this base by lieating biom- 
coninc with sulphuric acid It is a teitiary base, of boiling- 
point 158°, hevorotatory, not reducible by sodium and alcohol 
This last property indicates the absence of a double bond 
in the molecule of ( 7 -coniceinc It is quite piobablc, then, that 
in Its formation the bromine attached to the nitrogen is eliminated 
with the ^'-hydrogen atom and that c?-cuniceine has accordingly 
the following formula 

CH 

H.c/ NcHj 

y^CH— C3H, 

N 

£-Coniceine. — This base is foimcd by the action of alkalies 
on lodoconinc (formed from conhydrine) In its propel tics 
it IS quite similar to its isomer 5 -comceine, it is piobably stercoiso- 
meric with this base It boils at 150-151° It is a tertiary base, 
dextrorotatory, irreducible by sodium and alcohol. 

4. Conhydrine. 

Conhydrine was discovered by Wertheim*’' in the hemlock 
in 1856. The alkaloid occurs in the plant in small quantities 
It possesses the foimula CgHi^NO, it crystallizes from ether 
in colorless leaflets which melt at 118° It may be sublimed, 
and distils without decomposition at 225-226° In odor it resembles 
conine, in poisonous character it is but slightly less active than 
this base It is somewdiat soluble in water, easily so in alcohol 
and ether 


Wertbeim, A 100, 328 
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Like conine, conhycliine is a secondary base and turns the 
jlane of polarization to the right 

The oxygen atom m the alkaloid forms part of a hydroxyl 
^roup When conhydrine is heated with concentrated hydi iodic 
icid to 150°, the hydroxyl is easily replaced by an atom of iodine 

C8Hie(OH)N+ HI CsH, JN+ HoO 


The same hydroxyl is eliminated with an atom of hydrogen 
^hen conhydrine is treated with dehydrating agents (fuming 
T.ydrochloric acid at 220°, phosphoric anhydride, etc.)« There is 
.hus formed a mixture of a- and /?-coniceine 

C8H,e(OH)N + 

Conhydnne Coniceine 


The relation existing between conhydrine and conine is shown 
Dy the fact that the lodo-derivative mentioned above, CgHieIN, 
s reduced to conine by tin and hydrochloric acid Conhydrine 
s accordingly a hydrox}dated conine, and in establishing its 
ironstitution it remains only to determine the position of the 
T^ydroxyl group 

The hydroxyl cannot be in, the side-chain, since the three 
ilcamines theoretically possible and of the formula, 

C 

H,c/\cHa 

N 

H 


Hofmann, B i8, 5 

^“Lellmann, B 23, 2141, A 259, 193 
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havt; all been synthesized (page 53) and none ot them ib identical 
with conhydrine 

When conhydrine is dehydrated by means of hydiochluiic 
acid, a:-coniceine is loimed, and when lodoconme (obtained liom 
conhydrine, page 136) is treated with alkalies, ^-coniccine is 
obtained These two coniceines arc tcitiary bases, in then 
formation, conbcquently, the iniide hydiogen of the conhydtine 
IS eliminated with the hydroxyl group, or with the iodine atom 
w'hich replaces the hydioxyl in the lodoconine Such a leaction, 
however, can only take place when the hydroxyl or the atom 
of iodine occupies the a-, a'-, 01 ^--position 

Now, e-coniccine is optically active (la2\oiolal()rv) , accord- 
ingly in lodoconme the iodine atom is not attached to the asym- 
metric caibon atom, since othenvise on its expulsion the asvm- 
meliy w'ould be destioyed 

Fuithei, £ comceine cannot be reduced by sodium and alcohol, 
it, consequently, contains no double bond Foi this leason 
the iodine atom also does not occupy the a' position, since in 
this case its elimination with the imidc hydiogen would have 
produced a double bond 

We aie thus led to the conclusion that jodocomne is a ^^-deiiva- 
tive and that consequently conhydrine possesses the following 
constitution 



c 


H.cl Jen— CHo— CH — Ctl^ 

N 

H 


This constitution is disputed by Willstattcr By the 
oxidation of conhydiine, as also of pscudoconhydnne, with 
chromic acid, he states that he obtains l-pipccolinic acid (mcll- 
ing-point 264-265°) 


WillsLittcr, B 34, 3166 
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Cl I, 

H;C / NcH, 

HX^s^yicH— CO^H 

N 

H 

/-PipecoljniL and 

This would indicate that the hydroxyl gioup is in the side-chain 
Willstallcr considers that conhydiinc ih probably stiuctuially 
identical with the pipecolyl methyl ahamine of Ladenbiirg (page 
53), since both posscsb the same boiling-pomt. 


H^C 


H,C 


CH 

/v. 


s 



CIT2 

CH— CHo— CHOH— CHa 


N 

H 


ot-PipeLolyl methyl alcamine 


5. Pseudoconhydrine. 

This alkaloid was discovered in the hemlock in 1891 by 
Merck, and has since that time been studied by several inves- 
tigators.^^ It IS isomeric with conhydrine and possesses quite 
similar pioperties. 

The base forms a ciystalline, deliquescent powder, easily 
soluble in water and in the leading oiganic solvents Its melting- 
point IS 101-102°, Its boiling-point 229-231° Like conhydrine 
it IS a secondaiy, dextrorotatory base 

Pseudoconhydrine is probably a stereoisomer of conhydiinc 
If the former is converted into its gold salt and this is then de- 
composed, the oiigmal alkaloid is not obtained, but instead of it 
conhydrine 

Even by warming for a few hours with ligioin, pseiidoconhy- 
drine is converted into conhydiinc 
Merck, B 24, 1671 

Lfidenburg and Adam, ibidem Englcrand Kronstein, B 27, 1779 Engler 
and Bauer, B 27, 1775 
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Engler and Kronstein have observed, further, that when 
pseudoconliydrme is crystallized from different solvents (ligroin, 
toluol, etc) It changes to a thud form, which is charactciizcd 
both by Its lower melting-point (52-69®) and by its retransforma- 
tion to the original base when heated. 



CHAPTER XIL 


PIPERINE 

The fruits of Piper nigrum L. (black and while pepper) 
and those of Piper longum L. (family of the Piperacetc) con- 
tain in addition to a terpene a considerable quantity (5-g%) 
of an alkaloid called pipcrme. This was isolated by Oersted ‘ 
in i8iq The fiist analyses made by a large number of chemists 
gave rathei discordant results. The formula C17H10NO3 which 
Rcgnaull - found has, howevei, been confirmed by all subsequent 
investigators 

Pipeline ciystallizes in piisms which melt at 128-129®. It 
is almost insoluble in cold watei, but easily soluble in alcohol 
and ether. The alcoholic solution has a very sharp taste and 
IS without action on polaiized light 

Pipennc is a weak base, it does not react alkaline, nor docs 
It dissolve in dilute acids Only with concentrated mineral acids 
does it form salts, but even these are leadily dissociated by 
water 

The first observation of importance concerning the constitu- 
tion of this alkaloid was made by Werthcim and Rochledei ^ 
in 1848 On distilling pipenne with lime, these investigators 
obtained a volatile base A little later Anderson ** and Cahours^ 
gave to this base the formula CsH^N and named it piperidine 

Some years later von Babo and Keller ^ completed this obser- 

‘ Oersted, Schweiggcr^s Journal jnr Chcmie wid Phystky 29, 80 
2 Rtgnault, A 24, 315 

^ Wertheiin and Rochleder, A 54, 255, 70, 58 
^Anderson, A 75, 82, 84, 345 
® Cahours, A ch [3] 38, 76 
* von Babo and Keller, J pr 72, 53 
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vation and showed that alcoholic potash decomposes piperine 
into the base, ])ipcudinc, and a monobasic acid which they called 
pipenc acid, 

C,,H,oN 03 +H ,0 C5H,,N+C,J-I,,C), 

Pjpcnne Pipjeridine Pipcnc acjd 

This reaction shows that pipeline is to be consirlcrcd as a 
piperidine in which an atom ot hydiogcn is replaced by the ladical 
of pifieric acid 

C,H,„N— CO— C^HaOo. 

We have already discussed the constitution of piperidine 
(page 25), It remains foi us to show how that of pipeiic acid it, 
established. 

Pipenc Acid, C„H:,„ 0 , — This acid ciystallizcs from alcohol 
in needles which melt at 216-217° ^^d may be sublimed with 
partial decomposition, it is almost insoluble in water, little 
soluble in alcohol and ether 

The constitution ot the acid has been especially studied by 
Fittig’ and his students 

Pipenc acid is an unsatuiated body which m a solution of 
carbon bisulphide absoibs four atoms of bromine, on reduction 
It adds four hydrogen atoms and is thus con\ cited into a saturated 
acid, hydropipcnc acid, ol the formula CjoHjiO 

On oxidation with potassium peimaiiganatc pipenc acid 
IS converted successively into piperonal, CsHoOg, and piperonyhc 
acid, 0,11^04 

The study of these two oxidation-products has contributed 
much to explain the constitution of pipenc acid 

Piperonyhc Acid is a satuiated, monobasic acid. It melts 
at 228°. With hydiochloiic acid at 170°, or water at 210°, it is 
decomposed into protocatechuic acid and carbon 

CsH„ 0 , -> C.H„ 0 , + C. 

PipLroni he acid Protocatechuic 

acid 


’ Fittig, \ 152, 35, 56, 159, i2g, 168, Qz}, 216, 171, 227, 31 
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Fjttig and Rcmsen eEfected the synthesis of piperonyhc 
acid by heating a mixture of protocatechuic acid, potassium 
hydioxide, and methylene iodide 

C7HgO^ + CH2L+ 2KOH CgHoOid- 2KI-I- 2H2O. 

This mode of formation makes piperonyhc acid the methyrene 
ether of piotocatechuic acid. 

HO— COOH \ 0 — \ COOH 
Prutocafechuic acid Piperunvlic acid 


Piperonal forms prisms which melt at 37°, it distils at 263°’ 
and possesses a vciy agreeable odor of heliotrope It is the 
aldehyde of piperonyhc acid, it gives all the characteristic 
reactions of benzaldehydc; with potassium permanganate it is 
oxidized to piperonyhc acid Its synthesis was effected by 
Wegscheider ® by heating protocatechuic aldehyde in alkaline 
solution with methylene iodide 


HO— 

HO—' 


-CHO 


-t- CHJa-F 2KOH 


/O- 

CHo 

\o- 




-CHO 


+ 2KI+2H2O 


Protocatechuic aldehyde 


Piperonal 


The reaction is entirely analogous to the formation above 
of piperonyhc acid. 

Now pipcnc acid differs from piperonyhc acid by the presence 
of the additional group CiH, This group can only be intro- 
duced m the foimula of piperonyhc acid between the benzol ring- 
and the carboxyl. If it stood in any other position in the mole- 
cule, It would on oxidation give rise to a second carboxyl The 
constitution of this group has been established almost beyond 
doubt by the investigations of Fittig and Weinstein on hydro- 


Wegschoider, M 14, 38: 
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piperic add. According to these authors piperic acid bears the 
formula 

/o-X\ 

CH, 

\ 0 — \ CI-L=-CH— COOH 


The correctness of this formula is further confirmed by an 
observation of Doebner ® that piperic acid oxidized with a solu- 
tion of cold potassium permanganate forms racemic acid and 
piperonal 


. /\ 

::h. I I 

\6^L J— ch=ch— ch=ch— cooh 


/O 

CH, 


Pipenc acid 


H,0-1-40 


/ 0 —/\ 
CH. I I 
\ 6 — 

Piperunal 


COOH— CHOH— CHOH— COOH 
Racemic acid 


On the basis of the above constitution for piperic acid, Laden- 
burg and Scholtz in 1894 succeeded in elTcctmg its synthesis 
They started with piperonal and caused this to condense with 
acetaldehyde by the action of dilute soda solution (Claisen’s 
reaction) There was thus first formed piperonylaaoleiti (yellow 
leaflets, melting-point 70°) 


CH.02=CoH3— CHO-I-CH3— CHO 

Piperonal Acetaldehyde 

CHj03=CeH3— CH=CH— CHO + HjO. 

Piperonylacroleln 


This derivative was now heated with sodium acetate and 


" Doebner, B 23, 237^ 

^”Ladenburg and Scholtz, B 27, 295S 
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acetjc anhydride (Perkin’s reaction) The product of the reac- 
tion proved to be identical with piperic acid* 


CH 202 =CoH 3 -CH=CH— CHO + CH 3 — COOH -> 

PiperonvlacroIeTn 


CHjOj^CoHa— CH=CH— CH=CH~COOH+ H^O 

Pipenc acid 


According to Scholtz “ pipenc acid may also be obtained 
by the condensation of piperonylacrolein with malonic acid. 
Theie is first formed piperonylene-malomc acid: 

CH,03:=C«H3— CH=CH— CH=C(C00H)3. 

When this IS heated above its melting-point a molecule of caroon 
dioxide IS lost and pipenc acid results. 

Constitution and Synthesis of Piperine. — The synthesis ot 
pipeline from, its products of decomposition, piperidine and 
pipciic acid, was effected by Rugheimcr as early as 1882, at 
a time, indeed, when neither piperidine nor pipenc acid had 
been synthesized. 

Rugheimei prepared first the chloride of pipenc acid by the 
action of phosphorus peiilachlonde on the acid and then heated 
this chloiide with piperidine in a benzol solution. Piperine is 
thus formed with the elimination of hydrogen chloride 

CnHA-COCl + QH^N (CsHjoN)— CO— C i,HA+HC1 

Pipery] chlonde Pipendme Pipenne 


In this reaction, from the nature of piperidine as a secondary 
base, it is undoubtedly the imide hydrogen atom which has 


" SchoU?, B 28, 1187 
Rugheimer, B 15, T3Q0 
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reacted with the chlorine of tlie acid chloride Pipeline must 
accordingly possess the following constitution 



CHj 

JcH. 

N 

I 

— CH=CH— CI- 1 =CH— CO 

Piperme 


Following Rugheimer’s synthesis, Scholtz has effected con- 
densation between piperidine and the homologues of pipenc 
acid, thus obtaining the higher homologues of pipenne. 



CHAPTER XIII 


TRIGONELLINE 

This alkaloid was discovered in 1885 by Jahns ‘ in the seeds 
of Tngonella jcsnum grccctwi L (family of the Leguminosae) 
It occuis here in quite small quantity together with an 

essential oil, a bittei substance, and traces of choline Latei 
Schulze ^ found tiigonelline also in flax {Canahis saliva L ), 
in peas {Piiiiini saliviim L ), and in oats {Avena saliva L ) 
Thoms has noted its occuiicncc in the seeds of Sbophantus 
Inispidus and Sfyophanlus Konibe Oliv. 

In composition it couesponds with the formula C^H^NOo 
It ciystallizes from alcohol in coloiless prisms containing a mole- 
cule of water On being heated, it shows no definite melting- 
point, but darkens and undeigoes decomposition. 

Tiigonelline is vciy soluble in water, somewhat less soluble 
in alcohol, and insoluble in ether. Its solutions react neutral 
towaid litmus It possesses no marked physiological pioperlics 

Soon after the discovery of trigonelline, Hantzsch undertook 
the study of the betaines of the pyridine caiboxylic acids (page 73) 
He pieparcd and described among others the methyl betaines 
of picolinic and nicotinic acids These two derivatives possess 
the same empirical formula as trigonelline, Hantzsch called 
attention to the isomerism, but did not study the matter further. 

In the following year Jahns,'"* having piepared and purified 


‘ Jahns, B i8, 2518 
2 bchuLe, B 27, 769, 29, Ref 34 
’Thoms, B 31, 271, 408 
^Hantzsch, B 19, 31 
^ Jahns, B 20, 2S40 
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a large quantity of trigonelline, continued his study ol the base. 
By the action of barium hydroxide on it he S[)lit oh methylammc. 
When trigonelline was heated with concentrated hydrochloric 
acid to 260-270°, it suhered decomposition into meth}l chloride 
and nicotinic acid 

C7H7NO2+HCI CHgCl+CJi.NO, 

Further comparative study of the base proved beyond doul)t 
Its identity with the meth}! betaine of nicotinic acid The 
constitution of trigonelline is accordingly expressed by the follow- 
ing foimula 



N O 


I 

CH, 

Tnguneiline 


As we have seen (page 75), trigonelline, according to the ex- 
periments ot Hantzsch, is formed by heating the potassium salt 
of nicotinic acid with methyl iodide to 150° and by treating the 
iodide thus resulting with moist silver oxide' 



Potassium salt of 
mcotinic acid 


+ =CHJ 


-COOCH, 


\/ 

N 

/\ 

CHj I 

Methyl iodide of nicotinic 
acid methyl ester 


-{- KI 


i— COOCH, 


+ AgOH 


N 

/\ 

CH, I 



Agl+CHjOH 


CK, 

Trigonelline 



TRIGONELLINE 


PicLet and Genequand have convcUed nicolinc into trigonel- 
line in an interesting wa} by OMdizing a methyl hydroxide of 
nicotine with potassium peiinanganate 



COOH 

/\-co 

1 

> 1 1 

-> 1 

N 

\/ 

N 

0 

/\ 

CHt oh 

/\ 

CH3 OH 

CH3 

Metliyl hydroxide 
of TiiLotme 

Methyl hydroxide 
ot niuotinic acid 

Trigonelline 


* PicLct and Genequand, B 30, 21 17 
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ALKALOIDS OF THE BETEL-NUT PALM 

In i888-i8qi Jahns ‘ isolated Irom areca- or betel-nuts, the 
fruit of the Areca catechu (tamily of the Palmre), the following 
four alkaloids, which together with a small quantity of choline 
are found in the nuts in combination with tannic acid 
Arecaidine, C7H11NO2; 

Arccoline, C^Hi^NOo; 

Gu\acine, QjHyNOs; 

Arecaine, C7H11NO2 


I. Arecaidine. 

Arecaidine occurs in small quantities in the betel-nut The 
alkaloid ciystallizes in plates containing one molecule of watci ; 
dehydrated, these melt with decomposition at 223-224° It 
is easily soluble in water, difficultly soluble in absolute alcohol, 
and insoluble in ether, chloroform, and benzol It is without 
action on the animal organism 

The alkaloid lorms salts with both acids and bases, its aqueous 
solution reacts weakly acid The acid character is due to the 
presence of a carboxyl group, since the alkaloid is converted 
into its ester by the action of alcohol and hydrochloric acid. 

Arecaidine possesses a methyl group attached to the nitrogen 
atom. On tieatment with concentrated hydrochloric acid at 
240°, methyl chloride is formed, on being heated with lime or 

‘Jahns, B 21, 3404, 23, 2972, 24, 2615, A Pharm 229, 669 
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baryta, methylanunc is split oh. Its foimula may accordingly 
be represented as follows 

CH— N^CsH — COOH. 

Arecaidine is an unsaturated body. If it is reduced with 
sodium and alcohol, it adds two atoms of hydrogen and is thereby 
conveited into dihydroarecauhne. 


CH— N=QH,~COOH. 


This foims hygroscopic ci7stals which contain one molecule 
of water and which fuse in the anhydrous condition at 162-163°. 
It IS very soluble in water, alcohol, and chloroform, insoluble 
in ether, and in reaction is neutral. 

The lough foimuUe of arecaidme and its reduction-product 
cause one to suspect that these substances aie carboxylic deriva- 
tives of a methylpipeiideuic and a methylpipcridine respect- 
ively. Such is in fact the case, arecaidme is meiliyllelra hydro- 
nicoiuiic acid, and dihydroaiecaidme is mclhyhiipecolinit acid. 
This was shown by Jahns in the synthesis of these alkaloids 
He obtained them both at one time by leducmg wnth tin and 
hydiochloric acid the methyl chloride of nicotinic acid 


COOH , 

„ COOH 

+ 

4H — 3H + HCl 

\/ 

N 

N 

/\ 

1 

CH^ Cl 

cpr. 

Methyl chloride ol nirotimc acid 

Arecaidme 


A- 

\/ 


COOH 


4- 6H 


N 

CH3 Cl 

Methyl chloride of nicotinic acid 


CHj 

HjC C H— COOH 

N 

CH3 

Dih yd roareca 1 dine 
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The position of the double bond in arecaidinc is as ycL uncJe- 
leimined, the optical inactivity oi the alkaloid, howevei, favois 
the position given in the formula following ^ 

The constitution of the two alkaloids should probably be 
expressed as follows 


CH 


H,C 

Hr 


N- 


-O 


CH, H 
Arecaidine 


CH, 


'/Y-CO 

H„c/ 

NCII— C 



JcHs 


N- 


"O 


/ \ 

CH, H 

Diliydruarecaidine 


Accoidmg to ihib view, they are the tetra- and hexa-hydio-deriva- 
tives of trigonelline. 


2. Arecoline. 

Arecoline is the chief alkaloid in the betel-nut It occuis 
there in quantity nearly equal to that of the three other bases 
taken together, or about o i per cent It is an oily liquid, in- 
odorous and coloiless, volatile with steam, and boiling at 209°. 
It is soluble in all proportions in water, alcohol, ether, and chloro- 
form. Its reaction is strongly alkaline 

Alone among the alkaloids of the betel- nut, arecoline possesses 
pronounced physiological activity It is to this alkaloid, indeed, 
that the betel-nut owes its anthelminthic action. 

Arecoline is the methyl cslei of aiecaidine: 

CH 

Hsc/Nc— COOCH3 

N 

I 

CH3 

On being healed with acids 01 bases, arecoline is saponified 


^ TVIeyer, M 23, 22 
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with the formation of aiecaidine Convcisely, by treating aiecai 
dine with methyl alcohol and hydiochlonc acid, arecolinc is formed. 

11 the methyl alcohol is replaced by ethyl alcohol, the coiie- 
sponding ester, liomarecoline, CUH15NO2, is obtained. This is a 
liquid quite bimilai in its physical and physiological pioperties 
to arecolinc 

Aiccolme foims with methyl iodide a well-defined crystalline 
addition pioducl (the methiodide) ^ 

3. GUVACINE. 

This alkaloid, which receives its name from the old Indian 
designation of the betel-nut palm, '‘gu\aca,’’ crystallizes from 
alcohol in shining ciystals, which melt with decomposition at 
271-272^ It IS insoluble m alcohol, ether, chloioform, and 
benzol, easily soluble m water, acids, and alkalies Its reaction 
is neutral 

The constitution ot guvacinc has not been definitely established 
as has that of aiecaidine and arccohne. 

It contains apparently no caiboxyl group, since it cannot be 
conveilcd into an ebter with alcohol in the piesence of hydrochloric 
acid 

It foims a mtrosamine on treatment with nitrous acid, healed 
with sodium acetate and acetic anhydride, it is converted into an 
acetyl derivatnc These facts indicate that it is a seconclaiy base 

On distilling guvacine over zinc-dust, Jahns obtained a 
pyridine base ot the tormula C(jH7N, which he believed to 
be / 9 -picoline. When the alkaloid was heated with barium 
hydroxide, ammonia was given oft 

Fiom these icactions Jahns assigned to guvacinc the consti- 
tution 

CO 
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oi the tautomeric foim 

C(OH) 

OCj/ CM, 

H>C\ y CHa 
N 

In favor of these tautomeiic foims it may be noted that 
guvacine shows the reactions of a phenol, and also that two 
isomciic methyl derivatives may be obtained 

Further data, however, will be requiicd to confiim these 
formulae. 


4. Arecaine. 

Arecaine crystallizes with one molecule of water Tlic 
cr}^stals lose then water at 100° and melt with decomposition 
at 213-214° The alkaloid is easily soluble m water, but little 
soluble in absolute alcohol, and insoluble in ethei, chloroform, 
and benzol In reaction it is neutial. 

Aiecaine is '/i-methylguvacine and is consequently a tcitiaiy 
base. Jahns obtained the base by tieating guvacine, dissolved 
in methyl alcohol, with sodium and subsequently heating the 
product to 140-150° with potassium methyl sulphate. 



CHAPTER XV 


CITRAZINIC ACID 

This substance, which bears the formula was ex- 

tiacled by von Lippmann ^ in 1893 from beet-iool (Bela vulgaris 
L , family of the Chenopodiaceie) 

It IS not basic in action, but is, on the contiaiy, quite stiongly 
acid It 13 insoluble in neutral solvents and is not leadily ciys- 
tallized except from concentrated hydrochloric acid The ciystals 
aie microscopic m size, on being healed above 300°, they are 
decomposed without melting 

Citrazinic acid had already been synthesized before Lipp- 
mann noted Its occurrence in the beet In 1884 Bchimann 
and Plofmann - prepared the acid by the action of sulphuric or 
hydiochloric acid on the amides ol citric acid 

C,H30,(NH,)3 QH^NO.-f 2NH3 

TnamjdL of citnc acid Citrazimc acid 

C„HA( 0 H)(NH ,)3 CoHsNOM- NH 3 + H 3 O 

Diamide of citric acid 

C„H,0,(0H)3(NH,) C3 HoNO,+ 2H20 

Munamidc ul citnc acid 

It IS also formed when the trimethyl ester of aconitic acid is 
treated with aqueous 01 alcoholic ammonia ^ 

C,-H,0,(CH,),+ N}l,+ U,0 -> C,H,N 0 ,-h 3 CH 30 H 

Trimethyl cbter of aconitic Citrazimc acid 

acid 

’ von Lippmann, B 26, 3061 

^ Behrmann and Hofmann, B 17, 26S1 

^ Ruhemann, B 20, 799, 3366, 2t, 1247, 23, 831, 27, 1271 Schneider, 
B 2T, 670 
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This reaction ma) be reveiscd It cilrazinic acid is healed 
to i8o° with hydrochloric acid, it is decomposed into ammonia 
and aconitic acid ^ By reduction with tin and hydrochloric 
acid, It lb converted into tncarballylic acid and ammonia 

CH,— COOH 

I 

C„H,NO,+ 2 HjO + 2 H CH-COOH + NH, 

Citrazmic acid | 

CH— COOH 

Tncarballylic acid 

By treating citiazinic acid with phosphoius pentachlonde 
Bchrmann and Hoimann obtained an acid, C0H3CI2NO2, which 
when heated with hydriodic acid was converted into isonico- 
tinic acid. From this it follows that citiazinic acid is a dio^yno- 
nicotiiuc acidj its constitution must then be represented by one 
of the two following tormulse 



COOH 

1 

COOH 

1 


1 

c 

HC /\cH 

HOcl|^ JJeOH 

N 

1 

C 

Hoc/\cH, 

or 

ocL ^CO 

N 

The aa'-position of the h^^lroxyl groups (or the caibonyl 
groups) IS naturally derived from the above formation ot 
citrazmic acid tiom citiic and aconitic acids 


COOH 

1 

COOH 

1 


c 

- 

ocl^ 'COOH 

NH, 

c 

oci^yco 

N 


Citramide Citrazmic acid 


This position IS further confirmed by investigations of Sell 
and Dootson ® 

^ Gutbzeit and Dressel, A 262, 89 
® Sell and Dootson, Soc 77, 233 
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THE TOBACCO ALKALOIDS 

Fojr many years it was supposed that the leaves of the tobacco- 
plant {Nicoliana tahacnivi L, family of the Solanacere) con- 
tained but one alkaloid, nicotine. In 1901, howe\ei, Pictet and 
Rotschy ^ showed that there are present in tobacco, as m most 
alkaloid bcaiing plants, scveial organic bases 

Thus fai the following four alkaloids have been isolated 

Nicotine 

Nicotimine 

Nicotcine Ci^HjoNj 

Nicotclline Nj 

These alkaloids are found in the aqueous extract from tobacco, 
in then separation advantage may be taken of the fact that the 
fiist two aie volatile with steam The last thiee have been 
scpaiated in vciy small quantities as compared with nicotine, 
of the entire alkaloidal content of the aqueous extract, mcoteine 
foims possibly 2%, nicotiminc and nicotelline 

In the plant these alkaloids arc in combination chiefly with 
malic and citiic acids, to a less extent with oxalic, tartaric, and 
succinic acids , 


I. Nicotine. 

Nicotine was isolated from the leaves of the tobacco-plant 
by Posselt and Rcimann “ in 1828 The quantity found in the 

^ Pictet and Rotschy, B 34, 6 q6 

^ Posselt and Reimann, Maga::in jur Pharviacje, 24, 138 
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plant vanes considciably (o6-S9?0: general the better grades 

of tobacco contain the smaller amounts of the alkaloid. 

The empirical formula of nicotine, Cj was established 

by Melsens ^ in 1843 

Nicotine is a coloiless liquid which boils without decomposi- 
tion at 245°, but does not solidify at —30°, its specific gia\ity 
IS I 01 at 20°. In the pure condition it is almobt odoiless and 
acquires the odor peculiar to tobacco only utter standing foi 
some time in contact with the an Its taste is shaip and binning 
It IS very hygioscofiic and dissolves readily in watei and the 
ordinary organic solvents The fiee alkaloid is stiongly lasvo- 
rotatoiy, its salts, on the contiary, arc dextrorotatory 

Nicotine is one ot the most active poisons with which ive 
have to deal, the inhalation of its vapor even in small quantities 
occasions difficulty in bicathing 

It IS a diacid base and torms salts with one or two equivalents 
of acid It unites wnth two molecules of an alkyl iodide With 
methyl iodide it foims two isomeiic methiodides the fiist is 
obtained by diiectly mixing equimoleculai quantities of the two 
substances, the second by ticating the monohydnodidc of nicotine 
with an excess of methyl iodide and afterwaids eliminating the 
hydriodic acid by means of sodium carbonate.'* 

These results indicate that nicotine is a bitertiary base In 
apparent contradiction to them, however, is an observation of 
Etard ° that the alkaloid with acetyl and benzoyl chloride yields 
an acetyl and a benzoyl derivative 

But, as Pinner ^ has shown, this contradiction is only apparent 
If the acetyl- or benzoyl-mcotinc ot Etaid is saponified, nicotine 
is not again obtained, but an isomeiic base, which has icceived 
the name niclamcoluic This is an oily liquid which is optically 
inactive and boils at 275-278° It lorms a secondary base, 


^ Mclsen^, '\ ch [3] 9, 4(55 

^ Kekulc and von Planta, ^ 87, ’ Stahlsclimidt, A qo, 222 
® Pictet and Genequand, CJicmikD-Zcitiing, 21, 246 
“Etard, C r 97, 1218, T17, 170, 278, B 1 [2] 42, 297, [3] 14, 342. 
■^Pinner, B 27, 1053, 2861, 28, 456 
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treated with acetic anhydride or benzoyl chloiidc, it yields 
the acetyl oi benzoyl dciivative from which it was obtained. 
From this Piimei concludes that these aie not derivatives of 
nicotine itself, but of nictanicotine, and that in the reaction in 
which they are foimed tertiaiy nicotine is probably transfoimed 
to secondary metanicotme. We shall return to this icaction 
later on 

Nicotine is an unsaturated body When heated to 2()o° 
with hydriodic acid and red phosphoius it is reduced to dihy- 
d)onuotnie, CioHigNj, a Irevorotatoiy liquid boiling at 263-264° 
On treatment with sodium and alcohol it adds six 01 eight atoms 
of hydrogen and yields hexahydronicotine and octohydionicotinc 

Hexahydromcolvic^ CiqHsoNs, fiist obtained by Liebiecht,® 
has been studied chiefly by Blau ® It is a solid which melts 
near 30° and boils at 245° 5 It dissolves readily in water, alcohol, 
and ether, and closely resembles piperidine in odoi It is a diacid 
base of secondar}^-tertiar)' character (mononitroso-dciivativc). 

OcLohydyomcoliney C10H22N2, is a liquid which boils at 259- 
260° It yields with nitrous acid a dinitioso-denvative and 
It IS consequently a bi-secondary base 

On passing the vapor of nicotine thiough a tube heated to 
redness, Cahours and Etaid obtained hydrogen, ammonia, 
hydrocyanic acid, methane, ethane, ethylene, piopylenc, and 
pyridine bases. 

Among these last they isolated / 3 -propylpyridine, a lutidme, 
a picoline, and pyndinc The piesence of these bases has also 
been determined in tobacco-smoke." 

Oxidation of Nicotine — Nicotine is leadily oxidized, on 
exposure to the air it absoibs oxygen, turning brown in coloi 
Under the action of oxidizing agents it yields different products 
whose study has thrown much light on the constitution of the 
alkaloid 

®Licl)rechl, B 18, 2q6q, 19, 2587 

“ Blau, B 24, 326, 26, 62S, 1029, 27, 2535, M 13, 330 
CahouTS and Etard, C \ 88, 990, 90, 275, 92, 1070, B 1 [2] 33, 951, 34, 449 
Vohl and Eulenherg, A Pharm 147, 130 Kissling, Dingier' s pohlecli- 
visclies JoiiNiaJ, 244, 64, 2^4 Le Bon and Noel, C r 90, 1538 
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By the action of chromic acid on nicotine, Huber in 1867 
obtained an acid of the formula CcHgNOo, which he named 
nicotimc aad. Later the same result was attained by Weidel 
and Laiblm by using nitric acid or potassium permanganate 
Now nicotinic acid we found to be /?-pyridine carboxylic acid 
(ptige 57), nicotine is accordingly a pyridine derivative having 
in the /?“posLtion the group — CjHjjjN. 



Nicotinic acid Niiotine 


The oxidation of the quatcinary dciivatives of nicotine Icad^ 
to a like result Wc have seen that nicotine yields two mono- 
methiodides. One of these is tormed by treating the monoh} 
driodide of the alkaloid with methyl iodide. In this denvatne, 
then, the methyl iodide is attached to that nitiogen atom which 
lb less strongly basic 

On changing this mcthiodide to the hydroxide and oxidizing 
It with potassium permanganate, Pictet and Geneqiiand '"’obtained 
trtgonelhne (the methyl betaine of nicotinic acid) 



N— OH N O 

I I 

CH3 CH, 


Nicotine inonomcthy! Tngonelbne 

hydroxide 

This result seems to indicate that the nitrogen atom of the 
pyridine nucleus is less basic than the other, and that in the 


Huber, \ 141, 271, B 3, 849 

Weidel, \ 165, 328 

Laiblin, A 196, 129, B 10, 2136, 13, 1212, 1996 

Pictet and Genequand, B 30, 2117 
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monacicl salts of the alkaloid the acid is attached to the nitrogen 
oi the grou[) CbH^oNT 

With weakei oxidizing agents nicotine yields other oxidation- 
products Pleating It with mercuiic oxide to 240° gives rise 
to o\yLn}iicotinc, CgoH^yNnOo Hydrogen peroxide oxidizes nico- 
tine to a base, oxymcotinc {nicotine oxidc)^ CioHuND 

Undei the action ot potassium fciiicyanide in alkaline solu- 
tion, of silvei oxide, or of siUei acetate, nicotine loses foui atoms 
f)f hyrliogcn and is conveited into a base, nicolyuncj CioHj^No 
Ctihouib and Elard, who fiist obtained this substance, gave it 
the name nodipyudinc When, however, it was shown that 
nicotine IS not a dipyiidyl derivative, as it had been supposed 
to be, Blau pioposed that the name be changed to nicotyrine 
Nicotyiine is a colorless, oily liquid which boils at 280-281°. 
It is little soluble in water, its odoi is characteristic. Unlike 
nicotine, nicotyime is optically inactive 

Action of Bromine on Nicotine — This action has been studied 
by Pinnci When a solution of nicotine in acetic acid is treated 
at the oidmary tempciaturc with biomine there is formed a 
pciliiomide, CiqHuBisNjO Boiling waiter, ammonia, or sul- 
]du]ious acid serve to con\ert the lattei into dihromcolmine, 
Cr,H,N — CsHtjBroNO (prisms melting at 125°) On oxidation 
dilnomcotinmc yields nicotinic acid — a reaction which indi- 
cates that the pyridine nucleus of the molecule has not been 
affected by the bromine On reduction with zinc-dust and 
dilute hydrochloric acid, it is converted into coLmine^ CioHjoNoO 
Cotininc lorins a mass of radiating ciystals which melt at 50°, 
it boils at 336° Both dibromcotmrne and cotinme are monacid 
bases 

If nicotine is heated to 100° with bromine m a solution of 
h\diobromic acid, it 3ields the hydiobromide of dibromticonine, 
CTI|N — CgH^BraNOo HBr The free dibromticonme lorms 
granular crystals which melt at iq6° It is likewise a monacid 


Pinner and WolfTenstein, B 24, 61, 1378, 25, 1428 Auerbach and Wolffen- 
slPin, B 34, 2411 

” Pinner, B 25, 2S07, 26, 292, 765, 27, 2861, 28, 18, 1932 
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base, and (3n oxidation yields nicotinic acid. Reduction with 
zmc-diist in alkaline solution gives use to monobromiiconni(\ 
C,H,N— C^H^BrNO, 

When heated with baryta-vvalei to 100°, dibromticonine is 
decomposed into nicotinic acid, malonic acid, and methylamine. 
This decomposition indicates that nicotine contains the atomic 
groups 

— C— c— C— r~ — NCH, 

N 

Inactive Nicotine.— Nicotine possesses a high specific rotatoiy 

power ”ih6°33) The convcision ot the active alkaloid 

into the inactive form is eflected by heating an aqueous solution 
of the monochloride or sulphate for some time at about 200° 
Pictet thus reduced the specific lotation to -3°QS, which lepie- 
sents a conversion into inactnc nicotine to the extent of 97 7%. 

In neaily all its properties, save optical activity, 'Miicoline 
appeals to be identical with the active foim From this Pictet 
concludes that the former does not constitute a distinct racemic 
derivative, but is simply a mixtuie of d- and /-nicotine. 

The separation of i nicotine into its active constituents has 
been partly effected recently by Pictet and Rotschy By re- 
peatedly rccrystallizmg the salt formed with c/- tartaric acid, a 
tartrate is obtained whose melting-point, lotatoiy powei, and 
other properties correspond with those of the salt resulting from 
the mteiaction ot the same acid and /-nicotine The /-nicotine 
derived from this salt is in all lespects identical with the natuial 
alkaloid 

Constitution of Nicotine.— Fiom the oxidation ot nicotine to 
nicotinic acid it is clear that the alkaloid is a pyiidinc in which 
a /?-hydrogen is replaced by the groiij) Cr.Hj^^N. It remains 
then to determine the constitution of this group 

Pictet, 33, 2355 

Pictct, 'loork yet unpublished 
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Foi a long time this complex was legaided as a piperidine 
ling What seemed to add particular weight to this opinion 
WcLb the close icsemblance between nicotine and two pipciidyl- 
pyiidines which Skiaup and Vortmann also Weidel and Russo 
had picpaied by the partial reduction of the dipyridyls (page 76). 

Nicotine was accordingly consideied to be a pipendyl-pyridme 
of the following constitution 


H 

C H.C 
HC^ C— HC 

N 


H, 

C 



N 

II 


It was soon shown, however, that such a constitution was 
inadmissible, particularly in the light of the following consideia- 
tions 

I Blau'^ as also Heizig and Meyer found that nicotine pos- 
sesses a ^Mnethyl gioup, since its hydi iodide on decomposition 
yields the calculated amount ot methyl iodide. The formula of 
the alkaloid may then be wiitten 


(C5H,N)--C,H,=N-CH3, 

which excludes till [lossibility of the existence of a piperidine 
nucleus in the molecule. 

2 By the 1 eduction of a'/?-dipyridyl with sodium and amyl 
alcohol, Blau obtained a^-dipiperidyl (page 78) 

Ho 

c‘ 

Ho /\ 

C- Vh, 

CIT — HC\ /CH, 

N 

a 


* Sec note q, p 161 

"“Hcrzjg and Meyci, B 27, 310, M 15, 61-5 
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Tins derivalive was, howt;\ei, not identical with hcxahydro- 
nicotine 

3 The pipeiidylpt'ndinc tomnila for nicotine lepiescnts 
the alkaloid as a secondary-tertiaiy base. The bchatior of 
nicotine towaids alk\l iodides is, hotvever, that of a teitiary 
base, as has Ijccn shown by a number of mvesligatois 

The group CjHiuN is, accoidingly, not the pipendine complc't 
It lb fuUhermoie not an o|i( n chain, since it contains no double 
bond 

Fiom such considerations Pinnci toncluded that this gioiip 
jirobably contained a pentalomic ring and he atcoidmgly assignod 
to nicotine the constitution ol a /3 pyi idyl-a-n-meUtylpyrrolidme. 



Nit otiriL 


This formula accounts toi all the properties and decomposi- 
tions of nicotine, it explains the constant occurrence of pyirol 
denvatues in the diy distillation ol salts oi the alkaloid, and 
it has lecently been fully established by Pictet in the complete 
sNnlhesis of 7-nicotine 

Synthesis of /-Nicotine — From the investigations of Ciami- 
cian we know that derivatives of pynol containing a w-alkyl 
on being strongly heated undcigo a molcculai rearrangement, 
in which the radical shifts from the nitiogen to the a-caibon 
atom 



Willstatter, B 28, 2277 

' ^ Pictet and Crcpieu\, B 28, 1904, 31, 2018 Pictet and Rotschy, B 33, 
2353 Pictet, B 33, 2355 

Ciamician, B 18, 1S28, 20, 698, 22, 659, 2518 
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By subjecting lo diy distillalion the mucate of /J-amidopyndinc 
(page 17) Piclet and Crepieiix prepared n-[i~ pyndylpyjrol 
(a liquid boiling at 251°) This reaction is perfectly analogous 
to that in which pyirol itself results from the distillation of am- 
monium mucate 

CHOH— CHOH— COONH4 

I 

CHOH— CHOH— COONH, 

Ammonium mucate 


CH=CHs 

I 

CHr:=:CH 




NH+NH3+4HjO+2COj 


Pyrrol 


On passing the vapors of «-/?-pyudylpyrrol through a tube heated 
to dull redness, these investigalois obtained a solid (melting- 
point 72°), which from the reaction of Ciamician must be re- 
gal ded as an a^-pyndylpyrrol* 



This deiivatn'c possesses both basic and acid properties 
It reacts with potassium, hydrogen being evolved, and foims 
a salt in which the hydiogen attached to the nitrogen of the 
pyrrol nucleus is replaced by the metal When this salt is waimcd 
with methyl iodide not only does a methyl group take the place 
of the atom of potassium, but a molecule of the alk)l iodide 
IS also added to the nitiogen of the pyridine nucleus. We thus 
obtain the melhiodidc oj n-mcthyl-ap-pyndyl pyrrol: 


Piriet and Crepieuv, B 28, 1904, 31, 2018 
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This methiodide is identical with that of nicotynnc and is 
changed into the free base on distillation over hme. The nico- 
tynne thus obtained is in all respects identical with the oxidation- 
pioduct of nicotine. 

Its lodo-derivative reduced with tin and hydrochloric acid 
yields a dihydronicotyrine, possibly 



CH3 


This with bromine forms a pei bromide, CioHioN^Br^, which 
on reduction with tin and hydrochloric acid is converted into 
i-nicotine 

The formation of metanicotine (page t6o) and of octohy- 
dronicotine (page 161) is to be accounted for by a rupture ot 
the pyirolidine nucleus between the nitrogen and the neighboiing 
asymmetric carbon atom This explains the secondary nature 
and optical inactivity of the two bases* 


CH,— CH, 



CH, 


Nicotine 


CH— CH, 


CH CHj 
jsr 

H CHg 
Metanicotine 


C" CH— CH, 

H,C CH— CH, CH, 

I i y 

H.C CH, N 

Jj H CH. 


Octoh vdronicotine 
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2. Nicotimine. 

This alkaloid is a colorless liquid ^vhlch boils at 250-255® 
(uncorrccted). It is readily soluble in cold water and all the 
•oidmary organic solvents. Its odoi is shaiper than that ol nicotine 
and more disagreeable. It is apparently a secondary base, 
since It yields a nitroso- and a benzoyl-dcnvativc. The alkaloid 
dilLcrs from metanicotine not only m boiling- point, but also m 
the properties of its salts 

3. Nicoteine. 

Nicoteme forms a coloiless liquid which boils at 266-267® 
(uncollected) Its odor somewhat resembles that of pyrrol, 
but is quite unlike that of nicotine The taste of a dilute aqueous 
solution IS shaip and intensely bittei 

Nicoteine like nicotine is LTvnrotatoiy, but its specific rota- 
tion IS only about one-fourth that of the latter alkaloid. 

The salts of nicoteine like the free base arc loevo rotatory. 

Nicoteine is a cliacid, bitertiary base. In physiological action 
It lesembles nicotine, but its toxicity is apparently greater Oxi- 
dation of the alkaloid with concentrated nitric acid gives rise 
to nicotinic acid. 

The alkaloid closely resembles its isomer, dihydronicotyrine, 
and it is probable that it possesses a similar constitution. Possibly 
its constitution may be formulated as follows 


CH==CH 



Nicoteine 


4. Nicotelline. 

Of the four alkaloids from the tobacco-plant, this alone is a 
solid at the ordinary temperature. 
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ystalljzed liom alcohol oi watei, iiicotclline foinis while, 
alic needles which melt at 147-148° II is little soluble 
Id water, but dissolves with consideiable readiness in hot 
e the other alkaloids of this group, its aqueous solution 
Lilral toward litmus 

lany of the leactions of nicotelline seem to indicate that 
institution diHers fundamentally Irom that of nicotine and 
cotelhne Too little, however, is as yet known regaidmg 
Ikaloid to lead to any definite conclusion. 
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THE JABOR^NDI ALKALOIDS 

The leaves ot the Jaborandi [Pilocarpus peniialijohm 
Leniaire, family of the Rutaceje) contain three, possibly four 
alkaloids. 

Pilocaipinc CiiHioNsO^j 

Isopilocaipinc “ 

Pilocarpirline CioHi^N^Oa 

Jabonne CnHioNoO^, 

In the leaves of related species occui still other alkaloids, 
which closely resemble those just named.' Tlius in AiacaU 
jaborandi and Pilocarpus spiualiis aic found the so-called pseudo- 
pilocarpme and pseiidojaborine,- and m the false Jaborandi jabo- 
jandineP 


I. Pilocarpine 

This alkaloid was discovered by liardy in 1875 vSince then 
it has been the sul'iject of numerous investigations,^ but unlortu- 
nately some of these arc not as satistactoi\ as one might wish 


^ Pniil and Cowrikn, Plninii loin and Tram 57, i 

-Petit and PnloniAbki, [ cIl Plurin Chim [b] 5, 369, 4-^0, 6, S, B1 17, 

70- 

^Parodi, Rcvnla Phnnuateutii iSyq, 3 

■‘Ilaidy and Calmels, Bl [2146, 479, 48, 220, C r 102, mb, 1251, 1562, 
103, 277, 10$, 68 Cliastaing, C r. 94, 223, C)68, 97, 1435, lOL 

1^07 Ha mack and Meyer, A 204,67 knudseti, B 25 2«;S5, 28,1702 Jt)\\ttt, 
Soc 77, 473> " 79 ^ s8o, 1331, 83, 438, 464, Proc Soc 16, 50, 123, 17, sb, 

tc)8, 19, 54, B 33, 2S02 Pinner and Kohlhammcr, B 33, I4^4) 23S7 j 34 j 7-7 
Pinner aiul Sclnvarz, B 35, 192, 24^1 
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As ordinarily obtained pilocaipinc is an oily sirup which 
when quite pure crystalhzes, it is, however, very hygroscopic II 
dissolves readily in both water and alcohol, somewhat less readily 
in ether. Both the free base and its salts are de.xtrorotaloiy " 

In its physiological action pilocarpine excites the sccietion 
ot the perspiration and of the saliva, it acts upon the eye caus 
mg, unlike atropine, a contiaction of the pupil (myosis) It is 
inteiesting to note that pilocarpidme, which is Irequently lound 
as an impurity in the pilocarpine commonly obtained, pioduces 
like atropine a dilation of the pupil. Admmistcied in larger 
quantities, pilocarpine is a strong poison whose action icsembles 
that of nicotine 

The alkaloid is a monacid base and has a methyl group 
attached to one of its two nitrogen atoms It is soluble in caustic 
alkalies, and this solubility is made use of in separating pilocar- 
pine from other lelated alkaloids which do not possess this 
property 

Pilocaipine is leadily converted into its isomer, isopilocarpnie 
To efiect this change it is sufficient to heat the hydiochloride ot 
the alkaloid foi half an hour at a temperature a few degrees 
above its melting-point (204-205°), 01 to distil the free base 
in vacuo A mixtiiie of the two alkaloids is thus obtained, from 
which isnpilocaipme may be separated 

From the oxidation of pilocarpine with potassium permangan- 
ate thcie result ammonia, methylamine, small quantities of acetic 
and propionic acids, ptlopu and, C7Hi„04, and hqmopilopic and, 
The last two are lactone acids Wlien fused with 
caustic potash the first yields normal butyric acid, the second 
under the same treatment at a lower temperature forms a-ethyl- 
liicarballylic acid, CsHijOj Jowett, accordingly, represents 
these acids by the following formulre 

C3H5— CH— CH— COOH C,H— CH— CH— CH2— COOH 

OCO— CH, OCO— CHj 

Pilopic aLid Homopilopic acid 


® Herzig and Meyer, M 15, 613, 16, ciqq 
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On oxidation with chromic acid at the temperature of the 
water-bath pilocarpine ib converted into a dibasic acid, pilotai poit 
cuid^ On further oxidation of this acid with potab- 

siuni' peimanganate there is formed a finely crystalline acid, 
of unknown constitution. 

On treatment with biomine pilocarpine yields a perbiomide, 
CiiHj^NgOjBro HBr Br> By the action of ammonia this per- 
biomide IS converted into dib}om pilocarpine^ CuH^NzO^Br^ 
(colorless pi isms, melting-point c;5°). Reduction of the di- 
bromide gives rise again to pilocarpine By the action of bio- 
mine on pilocarpine at higher tempera tines, biomcarpimc acid^ 
CioHi6N204Br (prisms, melting-point 209°), is obtained. 


2. Iso PILOCARPINE. 

The occurrence of this alkaloid in Jaborandi-leaves was 
noted by Jowett ® in 1900 Its formation fiom pilocarpine has 
already been mentioned (page 172). 

Isopilocarpinc is an oily liquid which boils at 261° at a pressure 
of 10 mm It closely lesembles its isomei, pilocarpine The 
specific rotatorv^ power of the two alkaloids and the diflcrent 
pioperties of their salts show clearly, however, that the two 
substances are different ‘ 


Pilocarpme 
[a] = + ioo®s 

D 

Pilocarpine nitrate, XI P 178® 

" hydrochloride, M P 204-5' 

“ hvdrobromide, M P 185° 

** methiodide, an oil 


Isopilocarpme 

Isopilocarpine nitrate, M P 150° 

“ hydrochloride, XI P 127' 

“ hydrobromide, M P 147' 

“ methiodide, X/T P 114° 


Like pilocarpine, isopilocarpme is a monacid base, is soluble 
in alkalies, and possesses a n-methyl Oxidized with potassium 


® Jowett, Soc 77, 47”^ 
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pcimanganatc it yields the same pioductb as does its isomer. 
Oxidation with cluomic acid, however, does not lead to jiilo- 
caipoic acid, but apparently occasions a general disiuption of 
the molecule 

On tieatment ^Mth biomine, isopilocaip)ine yields a pcrbiomide, 
CiiHi,N.>OjBi JdB Bi_., which cun be readily conveited into 
dibomnopilotaypinc, CnHiiN.OjBi^, (prisms, melting-point 135°) 
li the dibiomide is reduced, isopilocarpine is again foimed 
It the dibiomide is oxidized with potassium pcimanganatc , theie 
aic foimed ammonia, methylamine, pilopic acid, C7H10O1, and 
a new acid, pilopinic ucid^ CaHnNO,, (melting-point 98°) 
When hiomine acts upon isopilocaipme at a highei tem- 
perature the two chief pioducts foimed aic dibromnopiloca}- 
pinic CjiHi,N20|Bi_,, and monobromisopiloan pnut acid^ 

CjiHisN^OiBi The fust acid crystallizes in cll-dc fined lect- 
angulai piisms which melt wnth decomposition at 235° 

Constitution of Pilocarpine and Isopilocarpine — Fiom then 
investigations Hardy and Calmels decided that the constitution 
of pilocarpine was to be lepiescnlcd by the formula 

CH, 

|/\_[ n(CH3), 

CO-0 

N 


The account of their work, however, is unsatisfactory and 
incomplete and, as later investigations have shown, unreli- 
able 

Oiii knowledge tcgarding the constitution of these alkaloids 
we owe chiefly to the recent work of the two mvestigatois JowcU 
and Pinner 

Since both pilocarpine and isopilocarpine on oxidation with 
potassium permanganate yield the potassium salt of a hydroxy- 
acid, CsH,|Os, of which homopilopic acid, (page 172), 

IS the lactone acid, and since the hydioxy-acid has been dctei- 
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mined with a high degree ot probability to be 


CjH5— CH(CO,H)— CH(CH,OH)— CH,(C02H), 

we may assume that the alkaloids contain one of the iollowing 
complexes 


C.Hj— C n— CH— CH CO CjHj— CH CH— CH^— C— 

II 1 O' II 

C CH, O CO CH. 

I ■ ' 


From certain analogies found to exist between pilocarpine 
deiivatives and glyoxaline Pinnci and Schwaiz concluded that 
the alkaloids piobably contained the glyoxaline iing 


CH— NM 



'CH 


Glyoxaline 


Jowetl then called attention to the close resemblance in behavior 
between isopilocarpine and dimcthylglyoxalmt. 

The probable piesence of a glyoxaline nucleus in the molecule 
received conclusive proof, as shown by the lattei investigator, from 
the foimation of various glyoxaline deriv^atives by the distillation 
of isopilocarpine with soda-lime The ciudc product obtained 
fiom this distillation was found to contain i-mcihyl glyoxaline, 
1,4 (oi 1,5") dimclhylglyoxalnic, 1,4- (or 1,5-) melhylamylglyo^a- 
Lnc, and piobably 1,4 (01 1,5-) methylamyleneglyoxaline, together 
witli ammonia and methylamme 

The foimation of these derivatives is readily explained by 
suijpusing that the CH2OH group is oxidized to carboxyl with 
subsequent elimination of carbon dioxide, yielding methylamyl 
glyoxaline 

Assuming the following formula for isopilocarpine, the change 
might be thus represented 
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C^U^—CH CH— CHg— C— N(CH3 )v. 

I I II ycH — 

CO CH, CH 



CjHj— C H CH— CH^— C— N(CH,)s 

i I ‘II >CH 

COoH CO^H CH N 


C2H5— CH,— C H,— C Ho— C— N( C H j) 
CH- 


/CH 


Mcthi lamylgivuxaline 


The other glyoxalines, as well as ammonia and mcthylamine, 
are produced by further disruption of the molecule and final 
fission of the glyoxalinc iing itself 

It seems evident, then, that isopilocaipinc must be legarded 
as a glyoxaline derivative It lemains to determine {a) the 
point of attachment of the gl>o\alinc and homopilopic complexes, 
and (b) the appropiiate loimula toi the homopilopic lesidue 
Since 1,4- (or 1,5-) dimethylglyoxalme is loimcd in the dis- 
tillation with soda-lime, one of the tollowmg complexes must 
exist in isopilocaipinc 


-C-C-N(CH,)\ 

>CH 


-C— C- 


-N- 


CH- 




or 


> 

CH— NCCH,)/ 


CH 


Inasmuch as it is at present impossible to decide between 
these formulte, we may arbitrarily assume that isopilocarpine is a 
1,5-glyoxahne derivative 

From the two possible homopilopic complexes, isopilocarpine 
will then be 


C H — CH— CH— CH,— CO 

I I I 

CH=C CH. O 

I I 

N N— CH, 

\/ 

CH 


or 


C,Hi-CH CH-CH,-C-N(CH,)v 

L I 11 >« 

CO CH, CHj 


I 


II 
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The determination oi the conbtitution of the methylamyl- 
glyoxaline formed above renders it possible to decide between 
these two formulae From the reactions probably involved in ils 
formation (page 175) this glyoxaline dciivative, according as it is 
derived from foimula I or II, will have the following constitution. 


1 

CH— C 

I I 

N N— CH, 

\/ 

CH 

III 


C^H,— CH.— CH,— CH,— C— N(CH,)v 


or 


CH- 


-N 


/ 


CH 


IV 


These compounds on oxidation would yield either (III) 
diethylacetic acid or (IV) normal hexoic acid. On oxidation 
normal hexoic acid was obtained, consequently IV represents the 
methylamylglyoxaline foimed The constitution of isopilocarpine 
may (hen be regarded as established with a fair degree of cer- 
tainty as 


C-Hj— CH CH-CH,-C-N(CH,) 

^ " 1 I n 


CO CH, CH N' 


;CH 


Isopilocarpine 


Jowett considers that pilocarpine is a stereoisomer of isopilo- 
carpine and is consequently to be represented by the same struc- 
tural formula. 


3, PiLOCARPIDINE. 

This alkaloid was discovered by Harnack “ in 1887 The 
base forms a deliquescent, crystallme mass of strongly alkaline 
reaction It is somewhat soluble in water, easily soluble in 
alcohol and chloroform, and but little soluble in ether and benzol. 
Both the base and its salts are optically active 


' Harnack, \ 23S, 228 
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Pilocarpidine is a monacid base, iL pobschscs at the same time 
acid properties, however, and unites with alkalicb to toim salts 
which have the general formula CioHi3N,02JM, and which arc 
readily decomposed by carbonic acid ’ 

Heated with potassium hydroxide to 200°, the alkaloid gives 
oh. diniethylamine ^ 

Accoiding to Hcrzig and Meyei ® pilocarpidine contains 
no ^/-methyl When an acid solution of the base is evapoiated 
It IS stated that a new alkaloid, ]abo7 iduic, is lormed 


4. JABORINE. 

In 1880 Harnack and Meyer “ isolated fiom the leaves of the 
jaboiandi a base w'hicli they supposed to be an isomer of pilo- 
caipine and to which they gave the name of jaboiine They 
describe the alkaloid as an amorphous substance soluble in 
alcohol and ethei 

From the w^oik of Jowett it seems not improbable that 
jaborine is a mixtuie of pilocaipidme, isopilocarpinc, and possibly 
a trace of pilocarpine 

’ Merck, Btrichl jut 1S06 
® Herzig and Mever, M 18, 379, 19, 56 
“ Harnack and Meyer, A 204, 67 
^“Jowett, Soc 77, 492 
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CYTISINE 

Cytisine was discovered in 1865 by Huseinann and Marme ^ 
in the seeds of Cytu^ns labmmim L. IL has been tound furthcr- 
moie m various species of Cytisus^ Ulc\>, Genista, Sophora, Bap- 
tism, and Euchresla, All these plants belong to the pulse family 
{Lc^umino^ev) 

The toimula ot cytisine is CuHnNjO It crystallizes fiom 
alcohol in piisiiis which melt at 152-153° and which can be sub 
limed lyi vacuo without decomposition The alkaloid is quite 
soluble in walei, alcohol, and chloiofoim, difficultly soluble in 
ethci and benzol, and insoluble in hgroin. 

Cytisine is a diacid base, it is stiongly alkaline in its reaction, 
It expels ammonia from ammonium salts and precipitates the 
oxides of the heavy metals from their salt solutions Its taste 
15 both bitter and caustic and it acts as a violent poison It 
turns the plane of polarized light to the leit 

The alkaloid has been studied with reference to its chem- 
ical propel ties and constitution by a number^ of investigators 
Thiough then woik the following points have been established 

Cytisine is both a secondaiy and a tertiary base, it yields a 
niLiObaminc (needles, melting-point 174^) a monacetyl 

dciivative (melting-point 208°) No methyl gioup is attached 
to cilhei nitrogen atom With methyl iodide it forms a bilci- 

> Husemann and Marmc, Zeitschnjl jtir CJicmie, 1865, 161, i86g, 677 

'’Plugge, Pharm 229, 4^, 561, 232, 444, 233, 294, 430 > 44 r Partheil, 
B 23, s-’oi, 24, 634, A Pharm 231, 448, 232, 161, 486, A polhcker-Zcihuig, 
10, 903 Buchka and Magahacs, B 24, 253, 674 Rauwerda, Pharm 238, 
477 Freund and Friedmann, B 34, 61c; 

^ Herzig and Meyer, M 18, 37Q 
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tiary methylcytisme, (CiiH,3NO)=NCH3 (melting-point 134°), 
which may lurthei be converted into the monomethiodide^ 
(CiiHi3NO)=N(CH3)2l. When this last is heated with caustic 
potash, there is obtained a new tertiary base, dimcihykytisvne 

(CnH,3NO)N(CH3)2H-KOH-^(C,,H,2NO)N(CH3)o-|-KHrH,0 

Methiodide of methylcytisine Dimethyli-Vtisine 


Dimethylcytisine in turn will add methyl iodide and llu 
addition-product on treatment with caustic potash is dccomposi d 
into tnmethylamine, formaldehyde, and an amorphous base 
of the composition CnjHisNOo, whose constitution, however, has 
not yet been determined . 

(CnH, .NO)N(CH0 J+ KOH+ 

HoO ^ C,oH,3N02+(CHO,N + CH 30 +Kr 

In the action of methyl iodide on cytisine, it follows that only 
the secondar}/ nitrogen atom is aflectcd. 

Hydrogen peroxide oxidizes cytisine to an oxycyLisrnc, 
CiiHi^NjOj, which possesses the pioperties of a hydroxylarnine 
derivative Oxycytisine, CiiHiaO(N — OH), melts with decom- 
position at 223-226°, it reduces an ammoniacal silvei solution, 
but IS otherwise quite stable in the piesence of alkalies 01 
acids It IS basic and at the same time weakly acid 

Bromine acts upon the alkaloid, giving a dibiomcytisinc, 
CnHiaBr.NoO (melting-point 63°) Cytisine contains no methoxy 
group, distilled ovei zinc-dust or soda-lime it forms pyirol 
and pyridine bases On oxidation with potassium peimanganatc 
It IS converted into oxalic acid and ammonia 

According to van dc Moei cytisine is foimed fiom pilocaipinc 
hydrochloride when the laltei in a solution ol chloiine-watei is 
exposed to the action of direct sunlight. Pilocaipine, CnH^oNoO,, 
indeed, diffeis from cytisine, C^HjiN^O, in composition onl\ 
by an additional molecule of water, yet this rather strange obstr- 


* van de Aloer, Benchtc der deutschen phannaccitiischen Cesell^cliajt, 5, 257 
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vation of van cle Moer’s needs to be confirmed. An apparently 
insuperable objection to any such leaction is the fact that cylismc, 
unlike pilocarpine, possesses no methyl group attached to nitiogen. 

Cytisine has proved to be identical with several alkaloids 
to which foimerly different names weie applied, as nlexine ^ 
(Ulex enropaeiis), baptiloxme (BapUsia tinctoria), and sophonne 
iSophora lomentosa) 


® Gerraro, Pharm Journal and Trans 1886 [3], XIII, loi 



CHAPTER XIX. 

SPARTEINE 

SPARTEINE, C15H20N2, was discovered by Stenhouse^ in 1851 
'pdf hum stoparmm L (family of the Leguminosa-*) The 
loid IS an oily liquid which distils without decomposition 
88° (311° according to Bartiberger “), it possesses a hunt 
j somewhat resembling that of aniline, and a very bitter taL^te; 
poisonous, Its action being that of a naicotic. 

)paiteine is readily soluble in alcohol, ether, and chlorolorm; 
, hoAVcvei, insoluble in benzol and ligroin and very little 
jle in water Its density is some\vhat greater than that of 
1 It IS optically active, tinning the plane of polarization to 
eft 

is yet we know little in regard to the constitution of this, 
loid Certain facts have, however, been established It 
diacid, bitertiary base ^ and contains a pyridine ring By 
llmg sparteine over lime or by passing its vapor through a 
heated to redness, Ahiens'* obtained pyridine, 7-picoline,. 
louia, prussic acid, ethylene, propylene, and othei hjdiocar- 
By heating spaitcinc sulphate with zinc-dust, the same 
,tigatorgot pyridine, a'-picoline, a trimclhylpyudine (possibly 
), methyldiethylamine, etc 

)n oxidation with potassium permanganate, the base vields, 
iding to Bernheimer,''^ a pyridine carboxylic acid, together 
a large quantity of oxalic and formic acids When sparteine 

ttenhouse, Philosophical Transactions, iSt^i [2], 422, \ 78, 15 

laniberger, A 235, 368 
A 125, 71 

Ahrens, B 20, 2218, 21, 825, 24, 1C95, 25, 3607, 26, 303=;, 30, 195 
iernheimcr, G 13, 451 
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is heated with silver oxide to 170-180^, it is decomposed, forming 
pyridine and carbon dioxide.® 

Ahrens claims that by healing spaiteine with hydnodic acid 
to 200°, methyl iodide is split ofl and a secondary base, CnH.iN,, 
IS formed Herzig and Meyer, ^ as also Mouieu and Valeui,'^ 
have, however, been unable lo detect the presence of any mcth\l 
group attached lo nitrogen. 

Sparteine is an unsatuiated body, with tin and hydrochloiic 
acid It is reduced to dihydrosparicine, This is a heavy 

iKpiid, which boils at 281-284^ It is a secondai*}' base, little 
soluble in water 

Spaiteine is very easily affected by oxidizing agents By 
the action of a number of these, such as “chloride of lime,” 
hydrogen peioxide, lead peroxide, silver oxide, etc, Ahrens 
obtained a senes of oxidation-products. These have, however, 
contributed nothing further to our knowledge of the constitution 
of the alkaloid The chief of these oxidation products are 
a Dehydros parlei fie, Cir^HojNj, a liquid which boils at 314-315°. 
b Oxysparlcine, CiaH^iN^O (Ci,H23N2(COH) needles melt- 
ing at 83-84°, a diacid base possessing the propeities of an alde- 
hyde Phosphoius oxychloride causes the elimination of a 
molecule of water with the formation of a ^^olatlle base, C15H22N2. 

c Two isomeric bases of the composition CigHsoN^O These 
are oily liquids 

d Dioxysparleifie, Ci5H2jN202 (C 151-122^2(011)2?), prisms 
melting at 128-129° Heated with concentrated hydrochloric 
acid it is converted into dehydrospaiteine 

e Trioxysparlevfie, CisHo^iNoOg, a monacid base, cr}'stalhne, 
but quite deliquescent 

“Peratoner, G 22, 555 

’Herzig and Meyer, M 15, 613, 16, 599 

® Moureu and Valeur, C r 137, 194. 
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THE LUPINE ALKALOIDS 

The seeds of the yellow lupine {Lupimis hileus L, family of 
the Leguminosae) contain before or after their germination a 
large number of substances albuminous matter (as high as 49%), 
a glucoside of the formula C20H32O1C, acids (malic, citric, oxalic), 
and an entire series of basic derivatives, which are mostly de- 
composition-products of albuminous bodies asparagine (17- 
leucine, phenylalanine, tyrosine, arginine, choline, xan- 
thine, hypoxanthine, lupimne, lupinidine, etc. We will consider 
here only the two last alkaloids, which are quite distinct from 
the others and are alone characteristic ol the yellow lupine. 

These alkaloids aic found only in the yellow and black lupine 
(Lupinus the seeds of the white lupine {Lupimis albtis L.) 

contain two other alkaloids, dexlro-lupaiime and inactive lupanine. 
Dextro-lupanine is also obtained from the seeds of the blue lupine 
(Lupinus avgiislijohus L.) and fiom those of the wild lupine 
(Luptnus perenms L.).^ 


I. LUPININE. 

Lupinine was discovered by Cassola ^ in 1835 It has been 
studied m a more or less impure condition by a number of investi- 
gators. In 1881 It received from Baumert ^ the formula 
CoiHioNaOj, which was generally accepted The recent work 

* Schmidt and Behrend, A Pharm 235, 262 
= Schmidt and Davis, A Pharm 235, 192, 218, 229 
^ Cassola, A 13, 308 

^ Baumert, B 14, 1150, 1S80, 1882, 15, 631, 1951, A 214, 361, 224,313. 
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of Willstatter and Fourneau,® however, indicates that the com- 
position of the alkaloid must be represented by the simpler 
foimula CioHiflNO 

Lupinine is a crystalline substance which melts at 68-69® 
and distils without decomposition at 255-257° in an atmosphere 
of hydrogen It possesses an agreeable tiuit like odoi, a very 
bitter taste, and is only weakly poisonous It is readily soluble 
in water, alcohol, and ether, and is volatile with steam 

The alkaloid is a tertiaiy base, in optical activity strongly 
losvorotatoiy , it contains a hydroxyl group. When subjected 
to exhaustive meth3lation it yields trimcthylamine and a non- 
nitiogenous, unsalurated body possessing the properties of an 
alcohol The successive reactions may be represented as follows 

(C,„H.„0)=N<^g5=> H,0 +(CioH,80)=N-CH, 

/CHj /cm 

(Ci„H,30)=:N^CH3 ^ H 30 +(C,oH„ 0 )-N<^^;J» 

/CH3 

(C.oH„ 0 )-Nf-CH, H30+N(CH3)3+C,„H,5(0H)? 

1 

OH 

On oxidation witli chiomic acid lupinine yields a mono- 
caiboxylic acid, lupinic acid, (C„H,„N)C02H, which cr}'slalhzes 
in prisms (from acetone) and melts at 255°. With deh>diating 
agents the alkaloid loses a molecule of water and is converted 
into anhydi olupmine, CjoHiyN. 


2, LUPINIDINE. 

Lupimdine, CgHisN, was also studied by Baumert “ It is 
an oily, easily oxidizable base of tertiary character, heavier than 


^Willstatter and Fourneau, B 35, 1910, A Pharm 240, 335 
^Baumert, A 224, 321, 225, 365, 227, 207 
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water and volatile with steam In cold watci it is moic leadily 
soluble than in hot, m alcohol and ethei it is quite soluble 
In odor it lesembles conine, in taste it is bitter. It is weakly 
poisonous The salts of lupinidme like those ol: lupmine aie 
Isevorotatory. 


3. Dextro-lupanine. 

This alkaloid, Cir,H24N.O, was discovered in 1885 by Hagen ^ 
in the seeds of the blue lupine, it is also iound in those of the 
white and of the wild lupine. 

It has been studied by Soldaini,® Schmidt and Siebeit,® 
and Schmidt and Davis. The fust of these investigatois de- 
sciibcd the alkaloid as a yellow, sirupy substance Schmidt 
and Davis, howTvei, succeeded in obtaining dcxtio-lupanme, by 
crystallization fiom ligioin, m the toim oi small needles which 
melt at 44° It is easily soluble in cold wuiler, but sepaiates 
fiom the solution wdien the lattei is heated, it is also readily 
soluble in alcohol, ethei, chloioforin, and hgiom It cannot 
be distilled The fice base and its salts are dextiorotatury. 
In taste it is bitter, and in j)h\siolngical action poisonous 
Lupanine is a stiong, monacid, tertiar}^ base, it contains- 
appaiently no methoxyl, carbonyl, hydioxyl, ketone, ol aldehyde 
group, no methyl gioup is attached to the niUogcn. Treated 
with sodium and alcohol, it is said to add four and six atoms 
of hydiogen, this is, however, disputed by Callscn 

By the prolonged action of an alkali it is decomposed with 
the foimalion of ammonia, a h}diocarbon, and a base, CyHyN, 
which is piobably a dimethylpyiidine. Also on dislillalion over 
soda-lime there are formed ammonia and a pyridine base 


’Hagfn, A 230, 367 

®Soldaini, A Pharm 230, 6e, 231, 32r, 481, G 23, [r] 143, 25, [i] 
27, W iQi, 32, [i] 380, 33, [ij 428, Bol! Chnn Fanu 41, 37, 42, 113 
® Srhniidt and Siebert, \ Pharm 22Q, 531 
C AWstn, InaugurayDisserialion iSy8, Marburg 
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When lupaninc is ^varmcd with bromine in an alcoholic 
solution It IS decomposed accoiding to the following equation 

+ -> ChH.^NO+C.Hj^NO 

Of the two bas(*s thus obtained, the foimei has been the 
better studied, it is isomeric with tiopinc, possesses the natuic 
of a terliaiy base and by the action ol hydrochloiic acid loses 
a molecule ol water, theie being loimcd the base CyHi^N Both 
the bases lesulling fiom the decomposition ol lupaninc contain 
a hydroxvl gioup This is shown by the iormation of their 
acetyl dcinatnes wSincc dcxtro-Iupamnc itself contains no 
hydioxyl, its general formula may be thus expressed; 

CsH,,N 

I 

0 

I 

4 Inactive lupanine 

This alkaloid w'as discovered by Soldaim in 1892 and has 
been studied by Schmidt and Da\is It crystallizes from hgioin 
m needles wdiich milt at go°, it is easil} soluble in WMtei, alcohol, 
cthei, chloioform, and hgiom It is a monacid, teitiaiy base, 
m leaction stiongly alkaline On being heated, it emits the 
odor of pyiidinc 

Inactn'e lupanine is a racemic mixture, being composed of 
equal paits of dcxtio- and Icevo-lupanine 

On piepaimg its sulphocyanatc, Schmidt and Davis obtained 
two soits ol hcmimoiphic ciystals which melt at 188° These 
weie separated and decomposed by an alkali The tw^o bases 
thus prepaied ditlered only in the sign ot then optical activity. 
The dextio-modilication proved to be identical with the dextro- 
lupanine alieady studied 
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THE SOLANLIM ALKALOIDS 

Several plants from the family of the Solanacesc are charac- 
terized by the presence in their tissues of some VQry poisonous 
alkaloids which in their chemical properties and constitution 
closely lesemble one another. These plants arc* 

the belladonna {Alropa Belladonna L), 

the henbane (Hyoscyaniifs niger L and H albus L.), 

the common stramonium {Daima Shanioniiim L ), 

the Dnboisia myoporo'ides R Br , 

and diflcrent species of [lie genus Scopolia 

The solanum alkaloids are found in all parts of the plant, 
but particulaily in the seeds and roots, the quantity of alkaloid 
found, however, is inconsiderable, never amounting to more 
than o6% of the plant. 

The bases of the Solanaccre weie for a long lime sepaiated 
with difficulty, since they behave quite similarly and aie fuither- 
inore easily converted into one another Wc can, however, 
consider as safely established to-da> the existence of the following 
seven alkaloids 

1 Atropine, Ci7Ho3N03. 

2 Hyoscyamine, 

3. Pseudohyoscyamme, 

4. Hyoseme, ‘‘ 

5 Atropamine, C17H21NO2. 

6 Belladonnmc, 

7. Scopolamine (atioscinc), 
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Of these seven alkaloids, atiopinc, hyoscyanune, and scopoh 
amine aie found m all the plants above named, atropine occurs 
especially in the berries of the belladonna, or deadly night-shade, 
while hyoscyamine and scopolamine appear chiefiy in the seeds 
of the henbane. Atropamine and belladonnine have as yet been 
found only in the deadly nighl-shade, [iseudohyoscyamine has 
been obseived in Ditbotsia myoporoidcs, hyoscine in the henbane. 

I. Atropine 

Atropine was discovered in 1831 almost simultaneously by 
Mem ^ and by Gcigei and Hesse - in the loots of the belladonna. 
The base ciystallizes from alcohol and chloroform in pi isms 
which melt at 115-116°, in both these liquids it is easily soluble, 
less so m cthci and benzol and soluble with difliculU in cold 
w^atci Its solutions ha\e a shaip, bittei taste and aie without 
action on polaiized light It is a strong poison, its W'ldespicad 
use in medicine is due to its action, causing dilation of the pupil 
(mydiiasis) 

As Will ^ and Schmidt ^ have showm, atropine is foimcd fiom 
Its steieoisomei, hyoscyamine, by heating the lattei in the absence 
ot air to 110°, or tiom its alcoholic solution when this stands for 
a time ailci the addition of a few' drops of an alkali or even 
stands for a longei time by itself This change is only a stereo- 
chemical one The striictuic ot the two alkaloids, as we shall see 
faithei on, is the same and, according to Ladenburg,” Gadamer,^ 
and Amenomiya,® they clillci only in that hyoscyamine is the 
ItTvo-modification and atiopme the lacemic form. The separa- 
tion of the latter into its constituents has, however, not as yet 

* Mein, A 6, 67 
^ Geiger and Hesse, A 7, 269 
^ Will, B 21, 1717, 2777 
^Schmidt, B 21, 1829 
^ Hesse, \ 309, 75 
“Ladenburg, B 21, 3065 
’ Gadamer, \ Pharm 239, 294 
® Amenomiva, A Pharm 240, 498 
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been eifccled, although the constiUicnls themselves have ap 
paicntly been byiUhesi^:ecI 

The ease of transloimalion of hyoscyamine into aliopine 
caused Will ^ to suspect that the lattei leally does not exist in 
the plant, but that it is foimed by the tioatment \\hich is employed 
in the exliaclion and iiuiification of the alkaloids and m the coiiisc 
ot which the base is lepeatedly biought in contact with alkali 
and 13 also moie oi less heati d In these opciations it is leason- 
able to suppose, indeed, that hyosc3'amine is partly coinerted 
into atro[)in(‘, but the iiu'estigations of S(‘veral chemists, paiticulaily 
those ol Schmitt and Schutte,'* waiiant us m assuming the existence 
oi atiopine with hyoscyamine m the i)lanl 

Atiopinc itseli in Uiin may imdei the mnuence of vaiious 
reagents lose a molecule ot water and be conveited mto othei 
alkaloids Thus Pesci in 1882 obsened that with fuming 
nitiic acid U gives use to a base which he named apoalropiiic 
and which was later lound to be identical with the natuial alio- 
paminc The same liansloimatiun is produced, accoiding to 
Hesse," b} the action of cold sulphuiic acid or oi acetic 01 phos- 
phoiic anhydude 

If atiopinc is heated to 130°, it sultcis a loss of water m a 
difleicnt direction, a pait ol the base being converted mto bclla- 
donnine 

CnH,,N 03 -> C,,H,,N 0 ,+H 30 

Atropine ALropanuno, or 

BflladunmnL 


Atropine is a teiliaiy base It possesses a hydroxyl group 
and a methyl gioup attached to the nitrogen It is at the 
same time an esUn , foi, as Kiaut " and Lossen showed in 
1863, it IS saponified by alkalies, baiyla-watei, 01 hydiochloric 

“ SchmiLL and Scliutl^e, A Pharra 229, 492 
Pcfa< I, Cl 12, 2S5, 329 
Hesse, A 277, 290 
^ Schmidt, A Pharm 232, 409 

Her/ig and Meyer, B 27, yg, 1\I 15, 613 
” Kraut, A 128, 27:^, 133, 87, 148, 236 
’'’Lobsen, A 131,43, 138, 230 
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acid, forming an acid, inaUive lioptc acid, and an alcamint, 
J) Opine 

C,;H,,N 03 +H ,0 -> C„H,„ 03 + C3H,,N0. 

Atropine Tinpicatid Trupme 

This baponiRcation of ati opine has become of fund amen La I 
impoilance in cletci mining the constitution of the solanum bases 
By luithei action ot the abo^’e saponit}'ing leagents, tiopic 
acid iLsell suflers a loss of one molecule ol water, and there is 
loimed a mixture ot alropK acid, C,,HsO_j, and isahopit and, 
On the other hand, liy the action of h) (lic'>chloiic 
acid at 180^^, tiopine loses a molecule ol watei and is con\ cited 
into bopidnir, CJii^N 

The paiLial s^ithesis ol atiopme "was (‘fleeted by Ladcnbuig 
in iSyc; by heating tiopine and liopic acid with dilute h3diochloiic 
acid on thcj watei bath The Ksaction is the ie\eise ol that 
foimulated abox'e, the tioiiiiK' and tiopic acid unite with loss 
oi one molecule of water to loim atiopine 

Bv the union ol other acids with tiopine, Ladenbuig has 
pit pared an entire senes of similar esters which he has named 
lioprincs and ol which some, like atropine, arc endowed with 
in\cliiatic [iioperties 


2. Hyoscyamine 

Hyosc) amine w'as obtained in 1S33 by Geiger and Hesse 
fioin hinbane, leceiitly it has also been lound m II ymicyainiis 
niiilinis by Dunstan and Brown and m Alandiagoia-iool'^ 
b^ Thoms and Wentzel Its properties aie ({uite similai to 
those of atiopme 

It ciystallizcs from alcohol in needles which melt at 108® 5 and 
which are very leaclih soluble m alcohol, somewhat less soluble 

Ladtnbuig, B 12, oir 
(jL‘iger and Het^sc, \ 7, 270 
^'^Dunbtan and Brown, Soc 75, 72. 

Thoms and Wentzel, B 31, 231 
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in ether; its solubility in watei is somewhat greater than that of 
atropine. Like this base its taste is sharp and penetrating and 
Its physiological propeitics are the* same as those of atropine. 
The chief ditierence between the two alkaloids lies in the optical 
activity of the hyoscyainine, which in contrast to the inactnc 
atiopme is strongly lae\orotatory. According to Hesse the 
rotator)' power decicases aftei the base has been kept toi some 
time. 

Dehydrating agents convert h\oscyamine into atropaminc and 
belladonnine. These aie identical wnth tlie alkaloids obtained 
from atropine by similar tieatment 

Hyoscyamine is saponified by baryta-w^atei and by alkalies. 
Hohn and Reichardt,-^ who first observed this saponification 
in 1 8 71, gave to the two decomposilion-pioducts obtained the 
names Jiyoi^cic acuJ and liyoscinr Ladenbiirg showed later 
that hyoscic acid was identical vilh inactive tropic acid and 
h)oscinc with tropinc, and he obtained accoidmgly, h) treating 
a mivluic of the two with dilute hydiochloric acid, not Inoscyamine 
but ati opine 

The explanation oi: this l)chavior was given by Merck in 
1S83. By saponifying hyoscyamine with hot w'ater, he obtained 
in addition to li opine an active, l£evoiotatoiy tiopic acid This 
kevo-tropic acid is the diiect sapoiufication-piodiicl of hyoscy- 
amine, if the saponification, however, is conducted m an acid 
or alkaline solution, the active acid is coin cited into the raccmic 
foim It IS accoidingly no longer surpiising that this acid by 
Its union wnlh tropine foims atiopinc 

This oh)Scr\ation appears to confiim the statement made on 
page 189, according to which hyoscyamine should be considered 
as the ke\o-modification of atropine An experiment made by 
Ladenburg and Hundl in 1889, however, would seem to indicate 


Hesse, \ 277, 290, Sclimidt, \ Pliarm 232, 409 
Hohn and Ricchardt, A 157, q.S 
Ladenburg, B 13, 109, 254, 607, A 206, 286. 
Merck, A Pharm 231, 115 
Ladenburg and Hundt, B 22, 2590 
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that the lelalioii existing between the two alkaloids is not so 
simple as we might suppose. These investigators succeeded 
m sepaiating inactive tropic acid through its quinine salt into tlie 
two active foims The kevo-acid thus pieparcd should be identica 
with that obtained by Alerck, since in tropic acid, as we shall see 
laid, iJieie is onl} one asymmetric carbon atom. Now Laclenburg 
and Hundt, on uniting this Irevo-acid with inactive iropine, ob- 
tained a /(Fvo-ali opine, which although similar to hyoscy amine 
was appaiently not identical wnth it From this one might 
conclude that the stcrcoisomeiism ot the lAvo alkaloids is not 
situated alone in the acid pait of the molecule — the tropic acid — 
but also 111 the basic pait — the tropinc 

Accoiding to the investigations of Gadamer,'^ however, the 
tiopine in both atiopine and hyoscyamine is mactne and the 
only difieience between the two alkaloids lies in the inactuity 
in one case and the activity in the other of the tropic acid ladi- 
cal Recently Amcnomiya f states that he has obtained d- and 
/-hyoscyamine by the union of d- and /-tropic acids with tiopine. 


3. PSEUDOHYOSCYAMINE. 

This alkaloid, as yet little studied, w'as obtained in 1S92 by 
Merck from Duboibia myopoioides It ciystallizes irom a 
mixture of ether and chlorolorm in needles \vhich melt at 133- 
134°, It IS easily soluble in alcohol and chloiotorm, difficultly 
so in winter and ether. Pseiidohyoscyamine is lce\'orotalorY, in 
physiological action it is little poisonous, like atropine, it causes 
dilation of the pupil 

When saponiiied with bai}ta w^atcr, the alkaloid is converted 
into tiopic acid and a base, CgHujNO, which is, however, diflerent 
fiom tropine. 


* See note 7, p i8q 
t See note 8, p iSg 
Merck, A Phartn, 231, 115 



194 


THE yEGETHBLE ALKALOIDS 


4. Hyoscine 

Ladenbuig gave this name to an alkaloid which he had 
isolated fiom the seed of the henbane in connection with 113^^5- 
cvarnine It is said to be an isomci of the alkaloids just con- 
sideied, in its plwsiological action, like atropine, it is mydiiatic 
The liee base was obtained as a siuip-like mass and was con- 
\eiled into a ciystalline gold salt melting at 198° 

IJjion saponification with alkalies, hvoscine was decomposed 
into tiopic acid and a base, CJiir^NO, which (Jittered from tiopme 
and conseqLKMitly leeeued the name oi psciidolropinr 

Schmidt bclie\'es that hyoscinc is to be identified with 
i^LOpolaniinr, C17H01NO,, which is extracted iiom the loots of 
Scopolia alropoidcs (page 196), and Hesse in accoid with this 
cleidaies that Ladcnbuig’s h30scine has the foimiila Ci7H_>,NO, 
Accoidmg to Hesse, hyoscinc may be con\crtcel into atioscine 
IMcick^'^ m working up laigc quantities of the seed of the 
henbane was unable to obtain a pioduct with piopeities and 
composition ot Ladimbiug’s hyoscine 

Further investigations aie needed to throw light upon these 
conflicting obseivations 


5. ATRO FAMINE 

Atiopamine was e\ti acted by Hesse in 1891 fiom the roots 
of the belladonna In his studies, which were at the same time 
taken up by Hesse and Mcich,'^- it was soon shown that the base 


Ladenburc;, B 13, j)io, 15^9, 14, 1S70, 17, 15 1, 20, 1661, 25, j-.SS, A 
206, 2qq 

’’’ SLhmidt, B 29, 200Q, A Pharm 230, 693 
Hesse, A 271, 100, 303, 149, 309, 75. 

Hesse, T Pf Ld 64, 

Meick, y Sor Chem Inrl t6, 1^11^ 

I-ksse, A 261, S7, 271, inn, 277, 290. 

'’-Merck, A Pliarni 230, 134, 231, no 
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was idenlical wilh the apoaLiopine, Ci7H2iN02, which Pcsci 
had ahead}' obtained by treating atiopine with concentrated 
nitiic acid 

Hesse and Schmidt showed, fuitheimore, that it is a!\\a}s» 
this alkaloid that is toimed iiom atiopine, or hyoscyamlnc^ 
when the} are dehydiated with sulphuiic acid, oi the aiihydiideb 
oi [)hos[)h()iic acid, acetic acid, etc 

Atiopaminc ciystallizrs horn cthci in piisms which melt 
at 6o°-6a° and which aie easily soluble in alcohol, ethei, and 
chloioloim, somcw'hat soluble in benzol, and little soluble in 
watei and ligioin Its taste is hittei and disagieeable, it pos- 
sesses no mydiiatic action, and has no ellcct upon polaiizcd 
light 

The base is an unsatuiatcd body, since on treatment with 
sodium amalgam it takes up two atoms ol hydiogen and foims 
an oily base, CiyH^jNO^, Iiydio aliopiiic, oi liydio-apoa/iopnic 
On being heated, atropamme iindcigoes a molcculaL lear- 
langcment to foim its isomei, belladonnine Also w'heii the 
base IS waumed wnth baiium hydioMcle, oi with hydiochloiic 
acid, thcie fust occuis this same reaiiangcment, bnt this is then 
followed by saponification to atropic acid and h opine 

CnH,iN02+Ho0 -> CoHs02 + C,H,3NO 

Atropamint Atropii- acid Trupinc 

Ladenbuig •“ succcerlcd in rc\crsing this reaction, by heating 
on the watci-bath a mixtuie ot tiopine and atropic acid with 
hydiochloiic acid he obtained aliopainine 

The alkaloid is consequently the tiopeine of atropic acid, 
jiist as atiojiine and hyoscvamine aie the liopeines of tropic 
acid 


suptsn, G II, siR, 12, 591, 285, 329 
Ladenburg, A 217, 2go 
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6. Belladonnine. 

Kraut was the fiist investigator who succeeded in isolating 
belladonnme in a condition of punt}' (1868) He assigned to it 
the formula CiyHosNOj, and consequently consideied it as an 
isomer of atropine. Meiling and Hesse showed later that 
Its composition corresponded to the foiniula Ci^HaiNOj It 
thus contains a molecule less ot water than was at fust supposed 
and It IS consequently an isomei of atiopaminc 

It IS found in small quantity in the belladonna (001-0 
Belladonnme is foimed from its isomer, atiopamine, when the 
latter is heated, 01 is treated with acids or baiium hydroxide. 
It is fiiither formed by the withdrawal ot watei fiom atiopme 
when the lattei is heated to 130° Here, as we have already seen, 
atiopamine is the 61st product of the leaction 

Belladonnme is separated as a resinous, yellow mass which 
is readily soluble m various organic solvents and but little soluble 
in water On hydrolysis it is decomposed into the same dciua- 
ti\es as atropamine, viz, atropie acid and tiopme. Probably 
these two alkaloids are stereoisomers 


7. Scopolamine (Atroscine). 

In 188S Schmidt extracted from the roots of Siopolia 
alropoides Bercht and those of Scopoha japonica Maxim an 
alkaloid, C17H21NOJ, which he named scopolamine It w'as 
later found also in other members of the family Solanacere 

Scopolamine cr}^slalhzes with one molecule of Avatcr and 
melts at 50® It is kevorotatory, its hydiobromide having a 


Kraut, A 148, 236, 13 13, 165. 

Merbng, B 17, 381 

Hesse, A 261, 87, 271, too, 277, 290 

Merck, A Pharm 22T, no 

Schmidt, A Pharm 226, 185, 228, 435, 229, 518, 230, 207, 232, 409, 
236, 47 ? ^ 25 j 2601, 29, 2009, A potheker - Zeiinvg , ii, 260, 321 
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specific rotation of —25° 43'. In water it is bttle soluble, but it 
dissohes readily in organic solvents It is a tertiar}^ base and 
contains a methyl group attached to the iutrogeri.'‘° 

By the action ol concentrated sulphuric acid water is with- 
drawn from scopolamine and there is foimed the derivative 

When the alkaloid is saponified with alkahes, banum hy- 
droxide, 01 hydrochloric acid, it is decomposed into tropic acid 
and scopoline' 

Ci 7 H 2 iNO 1+ II2O — ^ CoHloOs"!" CI8TI13NO2. 

Scopolamine Tropic acid Scopoline 


Scopolamine may then be characteiized as iropylscopolenie 
When the anhydride of tropic acid is heated with scopohne, 
there is obtained an ^7y?o-deiivative, which differs 

from scopolamine by containing one molecule less of water 
In its salts this new base takes up w^ater and foims derivatives 
which are isomeric with those of scopolamine. 

Scopohne can he caused to unite with other acids, forming 
the scopolemes, such as saheyLse opal erne, C15H17NO,, which is 
obtained by heating a mixture of scopohne and saheyhde to 

2 

A. 

By the action of alkahes 01 alkali carbonates scopolamine 
may be convcitcd into an inactive crystalline dcin^ative, isosco- 
polamuic, Ci7H2iN0, + H20 (melting-point 56°) This iorming 
of an inactive derivatne is denied by Hesse 

In commcicial scopolamine h}drobromide Hesse found 
an inactive alkaloid to which he ga\'e the name of alroscine, 
Ciyl-LiNO,-!- 2H2O (melting-point 17“38°) Atroscine is also 
found in the loots of Scopolia abopoide^, from which the com- 
mercial scopolamine hydiobromide is picpaied 


'•MTeizig and McNcr, M i8, 379 
Luboldt, k Pharni 236, 33 

''’Hebse, 271, 100, 276, 84, 277, 304, 303, i49» 309^ 75» ^ 29, 1771, 
J pr [2] <54» 353) 66, 194 
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Now it appears that isoscopolamiiic and atioscine aie closcl}^ 
related to each other, they appear, indeed, to he hydialcs of 
the same alkaloid, iboscoi)olamine crystallizes with one molecule 
of water, atioscine with two The anhydioiis alkaloid, C,7H,iNOi, 
IS crystalline, melts at 82°-S3, and is best obtained by warming 
isoscopolamine to 54-55° 

In confirmation of this view we note that atroscine can be 
converted into isoscopolamine by inoculating an atioscine solu- 
tion \Mth a crystal of isoscopolamine, the leverse tiansfoimation 
IS also effected under ceiLain conditions by adding a ci}slal of 
atioscine to an isoscopolamine solution 

Fuither atioscine may be changed to iboscopolamme if the 
hychobiomidc of the formei is piepaied, the base again iieed 
from this and crystallized fiom an aqueous solution of definite 
concentiation at 0° 

Both isoscopolamine and atroscinc, like sco])olamine itself, 
aie decomposed by alkalies into trojiic acid and scopolinc 

In ordei that the leiation ol these vaiious scopolamine deiiva- 
tives to one anothei may be moic clearly lepicsented, Wolffenbtein 
pioposes the following nomenclature 

The inactive anh}(lroiis alkaloid Ci7HoiNO„= /-scopolaminf‘, 

The inactive alkaloid containing one molecule ot watei 
(isoscopolamine) == ^-scopolamine monohydrate , 

The marine alkaloid containing livo molecules of water 
(atioscine) = 'z-scopoIamiiie chhycliate 

It IS cleat ly seen from the pieceding data that all the alka- 
loids of the SolanacctT stand in close chemical relation to one 
another In paiticular they aie decomposed by hydiolysis into 
an acid containing nine carbon atoms and into a basic alcohol 
containing eight 

Atiopme and hynsryaminc jnlo liopic acid, C„H,„03, and 
liopine, CyHir^NO, 


’’(..idamer, V Phaun 236, 382, 239, 21)4. 3^'. T pr W 64, 565, 5O9 
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Pscuclohyoscyaminc inlo tiopic acid and a base, CsHibNO 
(diiicicnl fiom tio])ine), 

AtLOi)amine and bdladonnine inlo aliopic acid, CoH^Oj, and 
Lioj)ine, 

Sco[)olaminc into liopic acid and scopoline, CgHnNO^,. 

iL now lemains foi us Lo deLcrmine I he const iLution ol these 
[)i()(liuts of decomposition 

Atropic Acid CoHgOs — Atiopic acid foims tal:)ulai ciyslals 
wIirIi milt at io6° 5, it boils with paitial decomposition at 267^^. 
It is an unsatuiated, monobasic acid which will add two atoms 
ol ludio^en, 01 biomine,oi one molecule ol a halogen acid Chio- 
niK acid o\idi/es it to ben/.oic acid and caibon dioxide, fused 
with caustic alkali it yields phenylacetic and toimic acids 

Ac 1 01 ding to its empiiical loimula aliopic acid is an isomer 
of cinnamic acid The relation existing between these two acids 
IS shown in the lollowing formuhe 


CJI,— COOTT, 

Liiiii.inm K 1(1 (/7-iihLnyKcrvlic aLid) 


CJ-i-C 


/CH, 

\cobH 


AlKipic acid (a-plicn vliiLi V ho acid) 


This constitution ol aliopic acid is confiimcd by its S3mthcsis, 
which was c fleeted by Ladenbuig and Rughcimei m 1880 
This synthesis depends on the following leaclions 

1 When acetophenone is heated with phosplioius penta- 
chlonde its oxygen is exchanged foi two chloiinc atoms and 
theie IS foimed diclilorclIiylbciiLol 


CJl,-CO-CH,+ PCI, -> CJ-I3-CCI ~CI-Irl- POCI3 


2 If this lattci IS lieatccl with an alcoholic solution of potas’ 
Slum cyanide a double icaction occins, one of the two chlorine 
atoms IS replaced by the cyanogen radical, the othci hy the 


Ladciiburg and Rughcimcr, B 13, 376, 2041, A 217, 71 
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ethoxyl group There is thus obtained a nitrile which on saponi- 
fication yields an acid . 


C„H5— CCI 2 — CHj+KCN-hQHsOH 
/CH3 

QHs— C^OCjHs-h KC1+ HCl; 

\CN 

/CH3 /CH3 

QHs— Ce0C2H5+2H,0 -> ' CoHj— C^OC.Hs+NHa. 

\CN \COOH 

3 When the acid thus formed {elhyl-a-phenyllaclic acid) is 
heated with concentrated hydiochloric acid, it loses a molecule 
of alcohol and is converted into a tropic acid 

/CH, jrCll, 

C^Hj-C^OaH, CeH-Cf -hC^H^OH 

\COOH ^COOH 

Tropic Acid, C|)H,„03 — This acid crystallizes in prisms, 
or plates, melting at 117-118° It is optically inactive and 
without any particular physiological action. 

It is a satuialed acid, it contains an alcoholic hydrox)! 
group which under the action ol phosphoius penlachloiide is 
easily exchanged for a chlorine atom Dehydiating agents 
convert the acid into atropic acid These facts enable us to 
assign to it one of the two iollowing formulte’ 

or C.H.-COH<;^C«’qjj. 

I II 

Now since 1879 there has been known an acid which is isomeric 
with tiopic acid Fittig and Wurstei obtained this isomer 
by heating with sodium carbonate the additjon-product which 


Fittig and Wuister, A 195, 153 
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aliopic acjcl forms with hvciiogcn bionmlc The new acid 
leceued the name alrolaclic acid It ciystallizes with a lialf- 
moleciilc of waLci and after being dned melts at 9^°. Deh\diat- 
mg agents convent it into atiopic acid 

Tile constitution ol altolaclic acid must conseejuentl}' coi re- 
spond with one ol the above toimulcc, if this can be detci mined, 
we will at the same time fix the constitution of tropic acid Now 
two s}niheses of atiolactic acid, winch were published in 18S1 
almost simultaneously by Bottingei and Spiegel," show that 
the constitution ot the acid is lepiesented by foimula II 

Bottingei found that dibiompyiuvic acid and benzol in the 
presence of sulpluiiic acid foim an addition-pioducL, which is 
none othei than dibiomatiolactic acid Fiom this by leduction 
wnth sodium amalgam atrolactic acid itself is obtained 


QH„+CO 


/CHBr, 

\COOH 


C0H5— COH 


/CHBr. 

\COOH’ 




y I 


By licating accto])henonc with piussic acid Spiegel prepared a 
cyanh3diine which pioved to be the niLiile ol atioLictic acid and 
on sa[)()nirication was conveilcd into that acid 


C„H -CO-CH3 + CNH ^ C„H— 

+ 2H,0 + NH3. 

Accoicling to these two modes of pieparing atrolactic acid, 
Its constitution must be icpiesented ])y fotmula II, that of its 
isomei, tiopic acid, is accordingly given by loimula I 

Tiopic acid was synthesized in 1880 by Ladenburg and 
Rugheimei fium atropic acid If the lattei is treated with a 

Bollinger, B 14, 1236 
'’S|jKgol, B 14, i3.;3 

Ladenburg and Ruglieimer, B 13, 376, A 217, 74 
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solution of hvpochlorous acid, there is foinicd chloiliopic acid. 
This then with a reducing agent (zinc-dust and caustic soda) 
yields tropic acid 

C.«=-C<cobH + aOH - C.H.-CCU/CH.OH 

Atropic acid Chlortrupic acid 


C„H-CC1 


/CH.OH 

\CObH 


+ 2H 


C„H-CH 


/CH,OH 

\CObH 


Tropic acid 


Hh HCl. 


The formula of tropic acid contains an asymmcliic caibon 
atom It should be possible then to sepaiate the inactnc acid 
derived from atropine into two active modifications This 
separation was eflected by Ladenburg and Hundt by cr^^stalliza- 
tion of the quinine salt Dexiro-tropic acid melts at 127-128°, 
Icrvo-iropvc atid at 123° (125-1 26°, Gadamei). The latter is prob- 
ably identical with the Isevo-acid which Merck obtained by 
saponifying hyoscyamine with hot water (page 102) 

Tropine, — Tropine, the basic decomposition-product 

of the most of the solanuni alkaloids, is a hygioscopic substance 
which ciystdlhzes from ether in coloiless plates and is easily 
soluble in water, alcohol, and cthei Tropine melts at 63° and 
boils without decomposition at 233° It is a teitiaiy base, of 
strong alkaline leaction, without action on polaiized light It 
IS much less poisonous than atropine and liyoscyaminc, and 
it lacks the m}driatic properties of both these alkaloids 

When tropine is heated with sodium and amyl alcohol, it is 
converted into a stcieoisomenc modification wdiich is identical 
with pseudotiopine, a base obtained by Liebermann fiom the 
saponification of one of the coca alkaloids (see Tiopa-cocaine) 
For more than twenty yeais investigalois have sought to gam 
a more satisfactory knowdedge regarding the constitution of 
tropine. Of the investigations which have been undei taken 

Ladenburg and Hundt, B 22, 2590 
^'’TMcrLb, A Pharrn 231, 

WillstiitlLi, B 29, 936 
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thclc should be mcnlioncd paUiculaily those of Ladcnbuig^^^ 
JMciling/^^ and Willstalter,^’* since they lepresent so many stages 
in the unlolding of the chemistr}' of tropine and atiopinc. 

Ladenbiiig in a long senes of important investigations deter- 
mined the 1 unci ions of the atomic complexes of tropine and 
presented these m a formula winch we will consider faither on 
The lesults obtained latei by Merhng led to a modi heat ion of 
this foimula Finally, through the obser\ations of Willstalter 
the second formula in tuin received a modification whose correct- 
ness has recentl} been confirmed by the synthesis ol tiO[)ine 

We shall consider m chionological order the woik of these 
thice in\cstigatois 

Ladenbuig showed first of all that tropine is an alcohol. 
With acids it easily foims esteis, the so-called tro panes (see 
page 227), its oxygen atom is accordingly in a hydroxyl group. 
Tiopine closely resembles the synthesrzed alcamines (see page 
49 ) 

He fuiLhet showed that ti opine possesses a methyl group 
attached to the niLiogen This is made clear by the following 
reactions 

When tropine is distilled with lime, soda-lime, or the oxide 
of baiium iL is decomposed, forming methylamine, some tri- 
methylaminc, and se\cial h}drocaibons, among the latter arc 
found a valerylene, Crjrl^, hydiocaibons ot the foimula (CgHo)^, 
etc , and Iropihdenc^ CbHg The chief reaction which occurs 
may be expressed by the following ec| nation 

C,Hi,NO -> CH,NH, + + H^O. 

Tropino MutlivlLmimc Trtipilidene 


Ladrilburg, B T2, g-fj, 13, 352, 14, 227, 2126 2403, 15, 1028, rip, 16, 
140S, 17, iS7» 20, 1647, 23, 17S0, 2225, 35, 1159, 22Q5, A 2T7, 74 
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A decomposition similai to this is clfccled by the destiiiclivc 
methylatJon of Hofmann. Tiopinc unites readily with a molecule 
of methyl iodide. The addition-product thus foimecl on tieat- 
ment with moist silver oxide and subseciucnt distillation is de- 
composed into water and a new base, oi-iacthylli opine, CuIli7N0, 
an oily liquid boiling at 243° This is also a tertiary base, it 
m turn will add a molecule of methyl iodide and the addition- 
product subjected to the above ticalment suflcrs decomposition 
into watei, tiiinethylaininc, and Iropilidtiic 

Tiopilidene is a liijuid insoluble in watei and resembling 
toluol m odoi Its boiling-pomt is 117°, Us specific grawty 
at 0°, 09129 Ladenbuig did not dcUimine the constitution 
of tropilidene, but fiom the foiination of tiiinethylaininc in the 
above reaction it natuially follows that tiopine has a methyl gioup 
attached to the nitiogcn 

Indeed tiimethylamine could only result fiom the distillation 
of rt-mcthyltiopme methyl hydioxide in case the latter iiossessed 
thiee methyl groups attached to the mliogen, consequently 
a-methyltiopine must possess two and tiopinc itself one The 
successive phases ol these reactions will be lendcied cleai by 
the following equations 

/CH, 

C,HpO=N— CH3+CH3I 

TropuiL 

Tropmti inLLliiLidide 

/CH, 

C^HaO— -bHjO; 

^CH, 

a-JMcLhyltropine 

/CH3 

C^H^+N^CH, + 21-130. 

Tropilidcnc \CH3 

Tiimcthlamine 


/CH3 

C,HpO=N^CH3 

\0H 

Trupine methyl hydroMde 

/CH3 

C^H^O-N^CH, 

I ^CHj 

OH 

a-Metlnltropine methyl 
hydroxide 


In addition to the chief products, tiopihdcnc and tnmcthyl- 
amine, there is obtained from the disUllalion of ci-melhyUiopmc 
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methyl hydroMcle a small qiianlit} ul a body containing oxygen, 
the so-called ivopihne^ The loimation of thib substance 

IS due to a sccundaiy leaction, winch may be expiesscd by the 
equation 

C,H,, 0 -N(CH 3 ) 30 H N(CH3)3 + C,H,,0 H- H^O. 

Tiopilcne is a liquid almost insoluble in watei Its boiling- 
point IS i86-i8S°, and its density at 0°, i oogi Its odor is like 
that ot acetone, but leminds one at the same time ol benzaldc- 
hyde 

Ladcnbing attempted to synthesize n'-methyltiopme by 
uniting tiopilene with dimethylamine He thus obtained a 
body which, howevei, dilleied tiom a'-methyltiopine in its boiling- 
point (ig8-205°) and which he named ^-mclhyll] opine 

The existence ot a n methyl grou[) in tiopmc has been shown 
in anothci way bv Meihng By the oxidation of tiopine with 
an alkaline solution of potassium peimanganatc, theic was 
toimed a base of the foimula C7HijNO, iropigcnnie This 
ciystallizes m needles which melt at 160° It is a secondaiy 
base, and Merhng concluded coiiectly that lro[)igenine owes its 
loimation to the elimination of the methyl gioiip attached to 
the nitrogen 

C7Hi20=N— CH3 -4 C7H,,0=N— H. 

Tiopine Tropig^cnine 

Indeed, tiojiigenine will unite wnth a molecule of methyl 
iodi(l(‘ to foim the hydriodide of tiopme and with two molecules 
to foim the methiodidc of tioiime 

Tropidme, CyliigN — When tropine is heated at 150-180° 
wuth hydiochloiir or hydi iodic acid, or at 220° with siilphiuic 
acid, it loses a molecule of w-alci and is conv^eited into bopidinc, 
a base containing no oxygen 

cy-i.,NO ^ c«h,3N+h,o. 

Tropine Tropidino 


'’“Xleiljng, B 15, 2S9, A 216, 329 
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Tiopidinc IS a liquid which boils at 162-163° anrl at 0° 
possesses a siiccilic giavity of 09665 In odoi il icscmblcs 
coniiie and like this base it is more soluble in cold watci than m 
hot, in alcohol it is leadily soluble It is a stiong teitiaiy base. 
Tiopidine is an unsatuiated compound, it combines with the 
halogen halides, hy[)ochloioiis acid, etc Undei ccitain condi- 
tions in the presence ol hydiobiomic acid it Mull leiinite \\ith a 
molecule of water to loim tiopme Potassium peimanganate 
convints it, by the addition ot two hydioxyls, into diliyd}o\y- 
Uopidmc 

These reactions show that tiopidme contains a double bond and 
that It IS foimccl by the convcisiun ol a gioup, — CIT — CHOH — , 
into the ethylene gioup — CH=CH — 

Heated to a high tcmpeiatuie with hydnodic acid, tiopidine 
yields a heptane boiling at 95°'’’® 

By the elimination of Us nitiogcn atom, il gues use to the 
same clciivativcs as tiopine, viz, Iropilcne and Iropilidcnc 

The foimei of these bodies is obtained by heating the meth- 
iodide ol tiopidine with caustic potash 

C-Hio=N(CH 3 ),I + KOH -|- (CI-Iy),NPI + KL 

MlLIiv] iodide oE Liopidine Tropdt-no DimcLhylamine 

When the corresponding methyl hydroxide ot tiopidine is 
distilled it docs not yield tiopilenc, but a teitiaiy base, viclliyl- 
hopidmc. This in tiiin changed to Us methyl hydioxide is 
decomposed ])y heat into tiimethylamme and tiopilideac* 

C 7 H,,— N(CH,)>0H -> C 7 H— N(CH02 + H,0; 

TrupiditiL nictliyl Iisdroxido MlUi ylLropidiiwi 

C,H,— NfCHJiOH C,H„-|-N(CH,),, + H,0. 

Metliv iLrupidinc niLlh^l liydioxidc Tro[jih(lLn<. 

The hydiochloiide of mcthylliopidme when heated to a 
high Icmperatuic undeigoes leaiiangemcnt to the methyl chloride 
of tropidme 

Einhorn find L Fischtr, B 26, 2008 
^Mlofmann, B 16, 5S6 
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Tht* study of the action ot biomine on tiopirline aitordcd 
Ladenbiii^ the proof that this, and conseciuenlly also liopine 
and atropin(‘, are deinalives of pyridine The hydiobiomide 
of liopidine ^iijives hist with biominc an addition pioduct, but 
when this ib heated to 170-180° thtie uisucs a complete decom- 
position of the molecule \MLh the loimation ot Indiobiomic and, 
ethylene biomidc, and a comjiound ot the foimula CJi^BuN, 
which Ladenbuig called methyldibiompyiidine 

CyH,3N HBi + 8Bl — > C0H5B12N + C2H4B12 -j- 

If a huge excess of biomine is employed, there is obtained, 
instead ot the last piodiut, the dibroui pyi idinc of Hofmann (bee 

P ^5) 

All these tacts led Ladenbuig to regaid tiopidme as a tetra- 
hydio-deriyatiye ol p}iidine m which the imide hydiogen is le- 
placed by a rneth}-! gioup and a hydiogen atom of the iing b} 
a \inyl lachcal 

CH2^CH-CJ-I,^N— CH3 

TrupidiiiL 

What now is the position of the side-chain in the pyiidine 
nng^ An attempt was made to solve this question b}' stud} mg 
hydioliopidinc, the lediiction-pioduct of tiopidine. 

Hyd'otrop dine, CaHi^N —As an iinsatuiated body tiopi- 
dine should appaiently by the addition of two hydrogen atoms 
be eonvcilcd into the saturated base CgH^N The direct 
leduction of tiopidmc has, however, not been eltectcd, but Laden- 
buig, staiting tiom ti opine, has succeeded induectly m prepaiing 
the compound in question 

We saw that hydi iodic acid at a tempciatnrc aboic 150° 
con^clls tropine by dchydiation into tropidmc If the healing 
IS conducted at a slightly lower tcmpeiature (140°), it is possible 
to isolate an intermediate product which Ladenbuig improperly 
named tropinc iodide: 

CsH.sNO -b 2HI -b HjO. 

Trupine Tropine iodide 
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This dernativc is the hycli iodide of a ba^e which is (len\ed 
fiom tiopinc b^ exchanging its hydio\\l fur an atom ot iodine 
When tieatcd with moist siher oxide, ho\\e\ei, tiopine is not 
again formed, but an isomeric base, niclatrojiine, a liquid boiling 
at 238°. The leduction of this tropine iodide with zinc and 
hydrochloric acid gave Ladenburg Jiydiohopidinc 

+ 2H C,H„N + 2HI 

Tropirii- iodide H'-'droLroiiidme 

Later Merling succeeded in obtaining this base fiom tiopi- 
dinc, but only by an indirect pioccss He foimed fiisl the addition- 
pioduct of Iropidine \Mth hydiogen biomide and then leduccd 
this ^Mth zinc and sulplniiic acid 

Hvdiotiopidine is a liquid little soluble in cold water and 
still less so in hot. Its boiling-point is 167-169°, and its specific 
gi a vity at 0°, 09366. 

By dry distillation of its hydiochlondc, hydrotiopidinc is 
decomposed into meth} 1 chloiidc and a new ba^e, C7H13N, 
called by Ladenbuig norJiydrolropidine This is a solid with a 
melting-point of 60° and boiling-point ol i6t°, it is easily soluble 
in watei, alcohol, and ctliei It is not reducible either b} tin 
and hydiochloiic acid or by sodium and alcohol. Its properties 
are those of a secondaiy base, it is nccoidmgly a hydiotropidinc 
in which the n methyl gioup has been leplaccd by a hydiogen 
atom 

C7H,,=N— CH3, C^H.o^N— H 

Hi drotropidine Nurhydrotropidino 

Ladenburg subjected the hydrochloride ol norhjdrotiopidine 
to distillation o^er zinc-dust. The result of this treatment was 
quite analogous to that obtained by Hofmann in the case of 
comne (sec pp 127, 128) Hydrogen ^^as evolved and there 
was loimcd a base of the pyridine seiics ol the formula CyH^N 
The piopeities of this base showed that it was a-clliylpyjidine 
(see p 37) 

From, these inv^estigations Ladenbuig decided that noi hydro- 
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tiopifline IS [L teLiah^dio-cii-cth} Ipyridinc and that hydrolropidine 
is Its n methyl denvatnc, as lepicsentcd in the tollowing loimuhe 


/'N 

/\ 

/ 

1 1 

3II 


/'-f’H -CH, 



N 

NH 

N— CH, 

a Cthi Ipv I uJinc 

Nurh\ (Irotropidine 

H vdrotinptdiiie 


Fiom tlicse loimuLe iheie follows lor tropidine, whose side- 
chain js a vinyl gioup, the following constitution. 



and finally for tiopinc, which difteis fiom tropidine by possessing 
the elements of a molecule of water, one oi the tw'o following 
toimuLe 



/\ 

3H I 

y — CH— CHPH 
N-CII, 


Such are the lesulls of the long-continued in\cstigations of 
Ladenbuig. He sought to confiim lus conclusions liy synthesizing 
the bodies in quebtion, but all his cttoits m this diieclion led 
only to isomeis (sec p 51) 

Against the conslilutional formukc [noposed by Ladenbuig 
for tropinc and its dcrivatnes, it is possible a piioii to laise seveial 
obiecLions 

1 It seems sliange that the modeiate oxidation of tropine 
with potassium peimanganate should atlcct the methyl gioup 
attached to the nitrogen (to foiin tropigenine) and should leave 
untouched the hydroxylaled side- chain 

2 It IS difficult to understand why tropidine, whose molecule 
accoidmg to Ladenbuig contains a double bond lyuig outside 
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the rmg, so resists the action of reducing agents, while a alhh 
pyridine, a body of analogous stuictuie, leachly adds hydiogen 
to form con me. 

3 The iacL that norhydrotiopidmc is a solid, while <x ethyh 
pyridine and a'-ethyli)iptri(iine aie mobile li(|iiids, is not in arcoid 
with Ladenbiiig’s toimula, which represents norh}drotiopidine 
as an a-ethyljiiperideinc. Fuitheimore, a compaiison ol the 
boiling-points of the thiee deiivativcs leads to the same ccjnclusion 
(a'-ethylpyiidme 148^5, o:-ethylpij)eiidinc 142-145^^, noihydio- 
tiopidine 161°). 

There aie other considerations which speak against the 
foimule ot Ladenbiiig The following weie noted in pailicular 
by Merling 

1 Tiopme on oxidation yields a (hh^s\c acid This im- 
poitant lacl was also obscivcd b} Liebcrmann As we shall 
see, it is not compatible with the pi esc nee ot only one side chain 
in the molecule ot ti opine 

2 Tropme by simple icactions can be convened into deiiva- 
tivcs of the aiomatic senes Ladenburg’s constitutional foimuLe 
fail to explain such results 

We shall now consider more closely the work of Meilmg 

By the oxidation of tiopine with chromic acid this investigator 
obtained an acid, CyHigNO,, which he called iuipinic acid. 

C.H^^NO + 40-^ C8H,3N0, + H ,0 

Trupine Tiopmic id 


This acid, which is litlle soluble in cold walci, alcohol, and 
ethei, crj’stallues from hot water oi alcohol in needles It 
melts at 248° and at the same time loses a molecule of caibon 
dioxide On distillation with limo there was obtained a base 
which was easily soluble in watei and which Meiling legaided 
as a mcthylpiperidine, although he was unable definitely to 
estabhsh its constitution 

Tropinic acid is optically inactive and possesses a methyl 


Liebi rm cinn, B 24, 606 
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gioiip aUachid to the nitrogen The study of its salts and 
esLcis has shown, that it is a dibasic acid, CcHiiN(COOH)j Mei- 
ling LL'gaided it as a n methylpipendine clicarboxyhc acid and 
believed, loi leasons which wc will consider latei, that the car- 
boxyl groups occupied the a-/?' position 

HOOC— HC CH, 

I I ■ 

H„C CH— COOH 

I 

CH, 


The separation of tropinic acid into optically active constit- 
uents was eflccted by Gaclamei through the cinchonine salt 
/Tiopinic acid melts with decomposition at 243°, its salts aie 
dextroiotatoiy The salts ol ^/-tloplnlc acid on the coniiai) 
appeal to be lan'oiotatoiy 

The foimation of a dibasic acid by the oxidation of tropine 
Ladcnbuig attempted to bring into agicement with his tropine 
foimula by assuming a ruptuie of the pyiidine ring m the follow- 
ing way 


/ 


HC 


CH> 


H„C 


CH— CH.— CHpH 




CH3 

Tropine 


H 

/\ 

HC CHj 

HOOC CH— CHj— COOH 

HN'^ 

I 

CH, 

Tropinic acid 


The following observations of Willstattei “ are, however, not 
in accord with this interpretation 

Licbermann and Cybulski, B 28, 584. 

Gadamer, \ Pharm 239, 663 
Laden burg, B 29, 421 
*'3 Willstattei, B 28, 2277, 3271 
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1 Tropinic acid does not decoloiize potassium peiman 
ganate in acid solution, it consequently does not contain an 
ethylene bond 

2 Its esteis behave as tertiary bases. 

3 The methiodide of its dimetln'l estci is decomposed by 
fusion with caustic potash, lorming normal adipic acid 

4 The same methiodide, when it is subjected to the leac- 
tion of Hofmann, behaves exacll} like pipeiidine (p eg) 

Since these lesults excluded Ladenbuig's foimiila loi tropinic 
acid, Meiling considered it certain that the acid was '//-methyl- 
pipciidme dicaiboxylic acid He accoidingly now tuincd his 
attention to the study of tiopilidene and tiopilcne. 

. Tiopilidcnc, C7H8, an isomei ot toluol, should possess a 
structuie similar to that oi this hydiocaibon, since on oxidation 
with chromic acid it yields a nnxtuie of benzaldehyde and benzoic 
acid With biomine it touns a dibiomide, and when this is 
heated it is decomposed into hydiobiomic acid and benzyl 
biomidc 

These tacts led Merling to assign to Iropilidenc the consti- 
tution ot a methylene dihydiohcnzol 

H 

/x 

HC C=CHa 

HC CH- 

H 
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Also iroplicne, C7H10O, according lo Merling, \^ould be an 
aromatic derivative, a icirahydrobenzaldehyde: 


i-r 

HC CH— CHO 


HoC 


CH. 


C 


This body possesses the properties of an aldehyde It le- 
duces Fehling’s solution and an ammoniacal silvei solution 
It unites with the alkali bisulphites and reacts with hydioxyl 
amine and phenylhydiazine According to its moleculai 
lefiaclive jiower it possesses a double bond.®* By oxidation, 
however, tropilenc is not coinerted into benzoic acid, with 
pcimanganate it yields noimal adipic acid 

The question now naturally suggests itself whether the closed 
chain of six caibon atoms which is found m tropilidene and 
tioiiilcne exists as such in tropine or whether it is formed only 
at the moment of decomposition by a sort of miiamolcculai 
condensation INIerlmg decided in favoi of the former of these 
altei natives, which in his opinion alone aftoided a satisfactory 
explanation of the formation of the dibasic tropinic acid 

We then obtain a toimula which satisfies both conditions — 
the existence of a closed chain of six carbon atoms and the piesence 
of two side-chains in the pyiidme ring — when in Ladenburg’s 
foimula for tiojiine the second caibon atom ol the ox}Tthyl 
gioiip, instead of being at the fiee extiemity of the open chain, is 
attached to the ,S'-carbon atom of the img This change neces- 
sitates anothei distiibution of the hydrogen atoms in the tiopine 
molecule, the pipeiidcine ring now becomes a piperidine nucleus. 

Merling thus obtained, as an expression of the constitution 
of ti opine, the two following schemes 


Eykmaii, B 25, 3069 
Ciamician and Silber, B 29, 48 1 
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H. 

C 



\ 

CHOH 




or 



which may also be written as follows 


/K 

/ 

H.C 

H_,C CH. CHOH 

"1 1 1 

or 1 

CHj— N CH_, CHj 

CII3--N 



H 

Tropine 


CH, CH, 

I I 

CH,CHOH 

H 


111 consideimg the above schemes we see that they are de- 
derived from a union of a benzol img with a pyiidinc iing, botli 
being completely reduced, theie is thus formed an atomic group- 
ing which reminds one of that of quinoline oi isocpiinoline 
While m both these last deinativcs, however, the pyiidinc and 
benzol rings have only two caibon atoms in common, heie there 
aie four 

From this tropine formula of Mcrlmg’s arc derived for the 
immediate derivatives of tropine the following foimulre. 


H 

.C 


H,C CHoCHOH 


HN CH^CH^ 

\l/ 

i-r 

Tropipenme 


H 


H.C CHoCH 


CT-Ia— N CH,CH 
H 

Tropidine 
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H 


H,C CH. CH, 
CH3— N CH.CH, 


X" 

H 

Hydrotropicline 


H 

/i\ 

HjC CHjCH., 
HN CH„ CH. 

V ■ 

H 

Nurhydtotropidme 


These foimute make allowance for the clnef piopeitics of 
these bodies and then relations to one anothci just as well as 
the tormuke ot Ladenbuig They, moreover, answei the objec- 
tions which weie laised against those of Ladenburg (sec p 209). 
They show why the h}droxyl gioup of the tropine is moie 
lesistant to oxidation than the methyl attached to the mtiogen, 
why tropidcne is moie difficult to reduce than allylpyridinc, and 
why finally noihydiotiopidinc possesses melting- and boiling- 
points higher than those of cth3lpyiidme and ethylpipeiidine 
These formulaj also explain how tropinc on oxidation can 
yield a dibasic, nitrogenous acid, and on elimination of the nitio- 
gen may lead to the formation of hydroaiomatic derivatives. 
In the decomposition of tropinc and its dernatives it is in one 
case the pipeiidiiie, in anothci case the hydiobenzol nucleus 
which is deslioyed, and that which remains gives to the product 
its aiomatic or p>iidic chaiacter 

Thus the foimation of 6\'-eth}/lpyndinc by the distillation of 
norhydiotropidme over zmc-diist is explained by the rupture 
of the hydrobenzol iing 


H 

/l\ 

H,C CHoCPTo 

■| n ■ 

HN CHo CM. 

H 

Norhydrntropidine 


/I 

C CH CH3 

I II I 

N CH CH„ 

V/ ■ 


+ 4H 


rt-Ethylpj ndiae 


In the oxidation of tropine with chiomic acid it is likewise 
the hydioaiomatic nucleus which piovcs to be the more unstable, 
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It IS ruptured between the carbinol and the adjacent methylene 
group, whicli arc then conveited into two carboxyls. Thus 
there is obtained 7/-methyl-a/3'-pipendinc caiboxylic acid or 
tropinic acid 


H 

/i\ 

H>C CH.CHOH 
CH,— N CHXH. 


+ 4 O 


H 

Trupine 


H 

/i\ 

H,C CH.COOH 

CH3— N CH,COOH 

\ 1 / 

H 

Tropinic and 


+ H,0 


In other cases, on the contrary, it is the piperidine nucleus 
^Ahich IS broken and theieare formed hydioaroniatic deuvatn^es. 
Thus, for example, the decomposition ot tiopine b}'' the destruc- 
tne process of Hofmann may be represented by the following 
equations 


H 


H,C CH,CHOH 

I I 

CH,- 3 N CILCPIo 
OH / 


YJ' 

H 

fropiriL TTiLthyl hydroxide 


/i\ 

H.C CH.CHOH 
■ CH\'I I 'I + 

H 

rt-Meth yUropiriL 

(0\ytetrahydrodinictlni Ibenzylamme) 


H 

C 


H,C CH,CHOH 


CH,\ I 
CH,^N 

ch/ 


CH CH, 

V ■ 

H 

a-Methylt repine raethyl 
hydroxide 


OH 


CHa 

■ ciiAn 

CH3/ 
TnmcLhylamine 


xK 

ir,C CH.CH 

+ I II + 

CH CH 

V 

H 

Tropilidenc 

CMethylenc dih\drobenzol) 


The foimation of tropilenc from the metliiodiclc of tropidme 
by the action of caustic potash 13 explained m a similar way: 
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H,C 

CH,\ I 
cn-^N 
1/ 


H 

C 

'I \ 

CH,C?I 


+ KOH 


LHXIi 

H 

Tropidine irethiodiJe 


CH 

Dimeth vlainiiie 


3-^ 


'NH + 


+ Ivl 


H 

/K 

OHC CHjCH 

CH. CH 

{/ 

H, 


Trupik ne 

(Tetnliydiubc nzildclu dc) 


The nalLiuil alkaloids which arc the esters of lioj^inc lecene 
finally the following constitutional foiniiike 


ir 

C CH,OH 

/!' r 

H.C C H . C II— O— LG— CH 

■| I "I I 

CH,— N CIHCH, C 

■ 

H 

Alropinp and Hvusc.\aminp 




A r 

H,c Clio cir— o— CO— c 
CH— N CHXM, Cfllig 

\l/ 

C 

H 

Atropamine and Bclladonnine 


Tropmone, ChH^NO — Foi some time iheie has been known 
an oxidation pioduct of tiopine lying between tiopine and lro[)inic 
acid This was obtained ni i8g6 almost simultaneously by 
Willstallei and l^y Ciamician and Silvei and icceivcd liom the 
fiist of these invesLigalois the name ol hopmonc 

Tiopmonc is toimcd by the action ol chromic and, potassium 
permanganate, or lead pei oxide on tropme Willstattci also 
obtained it by tieating the pseiidoti opine of Licbcimann with 
chiomic acid (see Tiopa-coeaine) On the othei hand, when 
tropmone is leduced with sodium amalgam or sodium and 
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alcohol, it yields pseudoLropine and not tiopinc, by elccirolylit 
rediiclion, or reduction with zinc-dust and hydriodic acid, how- 
evci, it IS coiiMTtcd into tiopine 

Tiopmone is a solid which ci7stallizes fioni ligroin in needles, 
melts at 42°, and distils without decomposition at 224-225*^ II 
IS quite easily soluble m watei and in the oidinaiy organic sohents, 
chiomic acid oxidizes it to Lropinic acid Tiopmone contains 
two hydrogen atoms less than tropine, it forms with Indioxyl 
amine an oxime, with phenylhydrazinc a hydrazone, m shoit, 
It IS derived from tropine by the convulsion of the CHOH gioup 
into a CO gioup 


H 

/■fx 

HX CHoCHOH 


H 

/i\ 

H.C CHXO 


CH,— N CH,CHo 


'C 
H 

Tropine 


CH.—N CHXH. 

■ ■ 

H 

Tropinone 


In a way analogous to that by winch tiopmone is obtained 
from tropine, there is formed from tropigemne, nortwpinone^ 
C7H,,N0, a secondary base with the leactions ot a kcHone 
Noi tropinone crystallizes m needles melting at 69-70° It 
cannot be distilled without decomposition On reduction with 
sodium and alcohol it )iclds pseudolropigcnnic 

Tiopmone is accordingly a ketone Willstattci made this 
dernutive with us leactivc atomic grouping the starting point of 
Ins investigations, instead of the more mdiftcTeni alcohol, tiopinc. 
He thus developed a modification of the ti opine foimula of 
hleihng and succeeded loitunately in picscnting the correct 
expression foi the constitution of the tiopine derivatives 

Willstalter found that tlic ketone gioup in tropinone stands 
between two CH^ groups and h not, as Merling’s formula leprc- 
sents it, adjacent to only one CHo group He proved this by 
showing that tropinone gives with nitrous acid a cliisonilroso- 
derivative and with benzaleleh} de a dibenzal- product, that it 
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icacts with cliazobcnzol chlondc, Iwo ladicals of j)lKn}'lh}drazine 
being jiUroduccd, and that finally it leacts with oxalic istci to 
foim mono- and di-o\ahc esteis, 

Accoiding to these investigations there lemains lor tropine 
only one of the tiuec following foimultC. 


Ho 


Trupme 

I II 


HoC 

■| 

N' 


/ 


I 

CH, \ 

I ■ 

CHOH 




CPIo 


.\ 

CH„ 


CH, 

'^CH 


/ 


/ 




I 

CH3 

III 


The choice between these three was detennined by Will- 
statlcr by showing that ticpine and its derivatives possess an 
unbianched chain of se\ en caibon atoms This condition is 
fulfilled only by formula II 

By cxhaiistne methylation of tropinic acid he obtained a 
diolefinc dicarboxylic acid, which, on reduction with sodium 
amalgam m alkaline solution, yielded noinial pimelic acid. 
From this it follows that tiopimc acid itself must also have an 
unbranched chain of seven caibon atoms 

The constitution of tropmic acid should accordingly be 
repiesented as follows, 
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and the decomposition of tioj)]nic acid to jiimelic may be c\- 
picssed in the lol!owin<>; way 



Methyl iodide of tropiiiic estn 


cii;\ 




cric 

I 

CII, 

I ■ 

COOCH^ 


;CH 


\ f n, 

Mol liylLt oiJimo Cjtcr 


CH3OOC— CH,— CH=CH— CH— CH— C00CH3-> 



CHj CH, CH, 

Metliv 1 TiJtlirlp (jf niclhyl 
IropuiiL ester 


HOOC— CH — CH=:CH— CH=CH— COOH 
HOOC-CH,— CH— CH,— CH— CH— COOH. 

Pim( he QLld 


Tiopinic acid ap[)ears thus to be a denvativo of ^Mnelhyb 
pyiiolidine Willstattei has lecently conruincd this by OMcliz- 
ing the acid b) means of cluomic acid to n incLhyh'itccimmidc: 

CH.COOH 

I “ 

/CH CH, /CO CHo 

CH3— N< I ' CH— I 

^CH CH„ \CO CHj, 

1 ?i-MctltylsLiccmiimJe 


CO OH 

Tropinic d' id 
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Tiopinc and its dcrivati\LS then appeal to be deiuativcs 
of cyclolicplanc, in which theic is a nitiogeii atom joining two 
caibon atoms Tio[)ine thus piesents a ring system which con- 
tains the pjipcridinc, pyrrolidine, and heptamcthylene nuclei 
somewhat oddly united 

Wc have accoidingly the following lormuke 


H H. 

H H, 

H H. 

HaC C C" 

H.C C C“ 

HoC C C 

/ \ 

' / \ 


N-CHj CIIOH 

N— CH, CO 

N— CIL CH 

/ 

\ / 

1 \ 

H .C C C 

H.C C C 

H.C C C 

U H, 

H H, 

H H 

Tiopinc ,md Pi.Ludol ropinc 

Tiopinonc 

TrCipidme 

(Tioiianul) 

(Tiupanoiie) 

(Tiupoiie) 

H H. 

H Ho 


II. C C C‘ 

HoC C C” 

CH.OH 

/ \ 

‘1 / \ 

1 ■ 

N— Clla CH, 

N— CH, CH— O— CO— CH 

\ / 

1 \ / 

1 

me — c — c 

H.C C C 

CoH, 

H H. 

H Ilg 


Ih ilrotiopidino 

Alropinc and nbryainmc 

(TropaEic) 



The names in paienthcscs aic those suggested by WiUbtattci. 

In closest haimony 

With these foimiila? 

are all the reactions 

of tropinc which have 

been discussed, pailieularly the formation 

oi the del natives fiee 

fioni nitiogcn 


Thus l)opi!i(Jrfhe, CyHa, wdiich is obtained in the exhaiistne 

methylation of Liopidine and Iropine, is a 

cycloheptatiiene 


XHo 

/ \" 
lie CH 

II II 

lie CH 

I I 

I-JC=CH 

TropiliUcne 

The formation of this iDody may be made clear by the follow^- 
ing formulce 
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H H, 

H,C C C 

l/CH, \ 
N^CHj CHOH 
|\OH / 

HoC C C 

H H, 


H.C- 


-CHr 


zCH 

\ 


CriOH + H,o 


H,0 


-CH- 


-CH 


Tropine niethil hjdroMde 


N(CHj), 

fl'Methyltropine 


HoC- 


H,C- 


-CH- 


-CH- 


::CH 

\ 

CHOI-I 

/ 

-CH, 


n,c- 


-CH=CH 

\ 




CH, 


HC: 


l/CH, 
N^CH, 

I \CH3 
OH 

nr-Nfethv Itropine methyl 
hydroxide 


=CH 

Tropilidenc 


CH+ N^CH, + 2H,0 
~CH Tnmctln lainme 


In the above icactions the Iropilenc, C7H1QO, which is formed 
m small (juantity with the tiopilidene (sec p 204), WillstalLer 
did not legaid as an aldehyde, as it had been considcied, but as a 

fv/? 

ketone, cyclolieplenonc (J ) 

CO 

/ \ 

H>C CH 

“I II 

H.C CH 

H,C CHn 

Tropilene 


The ketone nature of tropilene is shown by its behavioi. It 
lorms with benzaldehydc a Ijenzal compound, yields an o\y- 
melhylene derivative, and cannot be oxidized to an acid. 

The Synthesis of Tropine. — A paitial synthesis of tiopidmc 
tiom one of its decomposition-products has been known since 
1889. This stalls frbin the dciivative then rcgaidcd as di- 
hydroxybenzyldimclhylaminc, but which is now recognized 
as dimcthylamidocyclohcptadicnc 

CH„— CH=:CH 

\ 

CH 

CH 2 — CH— CH 

I 

N(CH,). 
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This substance forms with hydrogen clilonde an addition- 
product, which when heated yields the methyl chloride ol tropi- 
dine On distillation the latter is decomposed into methyl 
chloride and tropidme 


Cl 


CHn— CH— CH. 


\ 


CH 




N(CH,), 


CH„— CH— CH„ 

I 

Nf-CH, CH 

I \ci / 

CH— CH— CH 
Methyl chloride 
ot tiopidinc 


CH,—CH— CH> 

V \‘ 

N— CH, CH 

\ / 

CH,— CH- CH 

Tropidme 


When this tropidme was heated with caustic alkalies, it is 
stated that tiopine was foimcd 

The complete synthesis of tropine has been eliected by 
Willstaitcr within the last three 3 ears The impoitance ot this 
synthesis will be appaicnt when we see that it leads to that not 
only of atropine, atropainine, and belladonninc, but also of the 
coca alkaloids, tropa-cocaine, and inactive cocamc 

Willstatter started with suberone or cycloheplanonc, which 
is formed by the distillation of the calcium salt of subeiic acid. 
The vaiious steps in the synthesis may be represented as follows 
I Fiom S'uboonc to Cyclohcplcne — ^This change is biought 
about m two wa3S either by icdiicLion to the alcohol, foimation 
of the iodide and elimination of h}TJiogen iodide with alcoholic 
potash, 

OH 


CH,— CO— CH2 
{ i 2 \ 

3CH, 

.65 4 / 

CH— CII— CH2 

Suberone 


CH— CH— CHa 


\ 


CH, 


CH— CH,— CH, 
CvclohepLanul 


/ 


\ 


CH, 


CH„— CH,— CH, 

Suberyl iodide 


/ 


CH,— CH=CH 


CH— CI-H— CH, 


\ 


Cycloheptene 
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or by reduction of the oxime and exhaustive methylation of the 
resulting amine 


NOH 

II 

CH — C CH. 

\ 

CH. 

/ “ 

CH— CH— CH> 
Suherone o\ime 


NHo 


CHo— CH— CHn 


CH — CH.— CH> 

Siiberi lamine 


\ 


N(CHJ30H 
CH— CH— CH, 

I “ "\ 


CH, 


/ 


CH,— CH — CH, 
Suber' 1 tnmethvi 
ammonium hydro\ide 


CH.— CH— cr-i 


\ 

Qhl, + N (CHa), + H.O 


CH.— CH— CH, 

Cycloheptcne 


2 F}om Cyclohc picne lo Cyclohepiadicne. — With bromine 
cvcloheiitene yields a dibromide, which when heated with di- 
methylamine forms dimethylamidocyclohcptcne (^“-meth)]- 
tropane) It this last derivative is now completely methylated 
and the hydroxide distilled, cyclokepiadiaic is obtained 


N(CH,)3 


CH — CH.=CH 

\ 

CH,-^ 
/ ■ 

CH,— CH,— CH, 
Cvululuptenc 


CH— CHBr— CHBr 

\ 


CH. — CHr 




CH, 


-CH. 


C\clohcptLne 

bromide. 


CH.-CH -CH 

CH-> 

/ 

CH,— CH— CH," 
<J“-DimeLhvlamido 
cvclohopLcnt 


N(_CH,)V3H''' 

CH[j-^CH — CH CH =CH — CH 

CH+N(CH,)3+HjO. 

[j— CHj— CH, CH„— ch„— enf 

Cvcluheptadu-ne 


CH,-> 


3 Cyclohc piadienc io Cyclohc plat) icne (Tropilidenc) — With 
one molecule of bromine cycloheptadienc gi\es a dibiomide 
From the investigations of Thiele'*'^ conccining T,4“addition- 


Thiele, A 306, 87, 308 '^33 
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pioducts, particularly with rdcience to the dibromidcs of buta- 
diene and cyclopentadiene, it seems probable that the consti- 
tution of this dibiomide should be repiesented as 


CHBr— CI-I=CH 

\ 

CHBr 

/ 

CHo CH,— CHo 


The bcliavior of the body to\vards different reagents fully 
accoids wath this supposition 

The conversion of the dibiomide to cydohcplaUtene was 
eilerted most leadily by heating it wnth qinnoline to 150-165° 


rii=CH— cir 


CTIBr— CH=CH 



\ 

CH -> 

CHBr -> 


/ 

ITT /"iTT /^TT 


CH-CH =CH 


\ 


Cv< lulieptadi<-ne 


Cv^loheptaditno 

dil)romidt 


CH— CH— CH 

CyLldlK’ptatncnc 
( Tiopilidene) 


CH 


The liopilidenc thus obtained w'as identical wnth that derived 
fiom ti opine (p 204) 

4 Troptlidcnc to Dimethylamidocyclohepladimic (cr-Methyltio- 
pidine) — Chclohcptatriene, when treated in the cold wnth one 
molecule of hvdiogeii bromide in glacial acetic acid, forms 
a monohydiobromidc By the action of dimethylaminc, this 
addition-product is con\ cited into dnnctliylaniidocyclohepfadieiie. 
Willstattcr represents the change as follows 


cir— CH=CH 

\ 

CH 

CH-CH,— CH 
Cycldiuptatnene 


CH2— CHBr— C?I„ 

1 ? \h: 

I / 

CH =CH CH 

Bromcyclolieptaditine 


N(CH3)„ 

CH„— CH— CH„ 

'\ 

? CH 

/ 

CH =CH-CH 

Dlmeth^ laniiJoLyclo- 
heptaditne 
(rt-Methiltropidine) 


5 a-Meihyltropidine to Tropidnic — On reduction with so- 
dium and alcohol, a'-methyltiopidine readily takes up two atoms 
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of hydrogen to ioim a dimethylamidocycloheplene. When 
treated with bromine in a solution of hydrobromic acid, this last 
deruative yields a dibiomide, which duiing the piocess of puri- 
fication undeigoes molecular reariangcment to a methyl bromide 
of biomtioirane Warming this bromide with a solution ot 
caustic soda suffices to eliminate a molecule of hydiogen biomide 
and on addition of potassium iodide theie is piecipilated the 
methyl iodide of tropidinc. If the iodide is now changed to the 
chloiide by tieatment with silvei chloride and the latter is then 
heated, it is decomposed into methyl chloiidc and hopidinc 


NfCH,), 
CH,— CH-CH, 


■\ 


CH 


CH =CH— CH 

thyitropidine 


N(CHj), 

I 

CH,— CH— CH. 

\ 

CH, 

/ 

CH,— CH=CH 

J-*-DiiTiethi laiTiidocyclu- 
hepti-riL 


N(CH,), 

CH,— CH CH, 

\ 

CH.-» 

/ 

CH,— CHBr- CHBr 
Bromide ot the J*-basc 


CH.— CPr CH. 

1 /CH, \ 

N^CH, c: 

I^Br / 
CH,— CH CHBr 

^Ieth^ I bromide of 
bromtropane 


CH,— CH CH, 

■ l/CH, \ 
N^CH. CH 

I \Br / 

CH— CH CH 

Methyl bromide of 
fcrupidim. 


CE-r — CH-CH. 

V ‘x 

N— CH, CH 

\ 

CH,— CH— CH 

Tropidinc 


The tropidine thus synthesized is in all respects identical 
with that obtained from Iropine 

6 Tiopidine to Tiopinc — Accoiding to Ladenbiirg the diiect 
conversion ot Liopidinc to tiopme by the action of hydiobiomic 
acid was efiected by himselt as early as 1890 This lesiilt, at 
first doubted by Willstatier, has been confiimcd by Ladenbiiig 
Willslaitei has fuithei synthesized tiopinc fiom tropidine 
by heating tropidine h} diobiomide with dilute siilphuiic acid 
to 200-210° There is thus fiist obtained pseudotropme (p 252), 
which, on oxidation to tropinonc and reduction ol the latter 
with zinc-dust and hydiiodic acid, is conveited into tropinc 


^ Ladenburg, B 23, 17S0, 2225, 35, 1159, 2295 
Willstatter and Iglauer, B 33, 1170 
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CH — CH— CH. 

V \ 

N— CH3 CHBr -> 

\ / 

CH„— CH— CHj 

Tropidme h\drobriin\ide 

CH — CH— CH» 

V x 

N— CHj CO -» 
CHj— CH— CHj^ 

Tropinone 


CH -CH-CH. 

V x 

N-CH, OHCH -> 

\ / 

CHj-CH-CHj 
Pbcudolropine 

CH — CH— CH, 

V X 

N— CH, CHOH 

\ /■ 

CHj— CH— CH3 

Tropinc 


The synthesis of Iropinc from suberonc presents the last 
step in the complete synthesis of the solaniim alkaloids, atio- 
pine, alropamme, and belladonnine, and thus bungs to a biilliant 
conclusion the extensive investigations ot Ladenbuig, Meiling, 
and Willslatlcr legarding the consLitution of these alkaloids 
Tropeines. — After having eftecled the synthesis of atiopine by 
the union ot troiiine and tropic acid ihiough the action of dilute 
h)drochloric acid, Ladenburg leplaced in this leaction the 
tropic acid with uthei aiornatic acids He thus obtained a senes 
of esteis which in then constitution aic analogous to atio[iine 
and which he called hopemes buch tropeines wcie latei pie- 
paied by other investigators, particularly by Merck, uho ex- 
tended the leaction to the acids of the fatty senes. 

The tropeines aie cr}stalhnc bodies of basic character, some 
resemble atiopme in then physiological action We will enumerate 
below the most inleiestmg of these derivatives 

r Benzoyl/} opcmcy CyHj,N— O— -CO— C qHs, leaflets, melting 
at poisonous, but without mydiiatic action 

2 SalityIt}'op€i}ic, CyHuN— O— C( 3 — C,,H — OH, leaflets 

which melt at 58-60° and aie without mydriatic action 

3 Oxylohivlhopcnie, CyH,,N— 0 — CO-CHOH— CoH, (Ho- 
matiopine) This estei crystallizes in prisms melting at 95-98° 
Homalropme is employed pharmaceutically instead of atiopme, 
since its action on the pupil is almost as cneigetic as that 
of the natiiial alkaloid and has the adxantage of disappeaiing 


Ladenburg, B 13, 106, loSo, 1137, 154Q, 15, 1025, 22, 2500, \ 217, 74 

Merck, B 1 [3], 14, S37 
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moic rapidly (in 12-24 hours, the action of atropine continues 
for about 8 days). Homatropine is also much less poisonous 
than ati opine 

4 Cinnamylifopeine^ CgHnN — O — CO — CH=CH— Ci.Hg, 
Icatlets, melting at 70°, very poisonous, but without m)duaLic 
action 

5 Ahopyllropcinc, CgHjiN — O — CO — C — C^Hg, identical with 

CH. 

atiopamine, does not dilate the [)upil 

6 Aliolaclyll) opeinCj CgHuN — O — CO — C(OH) — C oHg(pscu- 



doatiopinc), needles, inciting at ii()-i2o°, m)cliiatic in action 

7 Ladyllropcinc, CgH^.N— O— CO— CHOH— CIi„ needles, 
nHlting at 74°-75°, atlccts the resjiiiation and action ol the 
heait 

It IS notew’oithy that ail the tropcines w'hich aie mydriatic 
in action contain an alcoholic hychoxyl, wdiilc thobc possessing 
no hydroxyl, or at tlie most a phenol gioup, aic w'lthout action 
on the pui)il 

Attempts have been made also to prcpaic Liopeincs which 
instead of the tiopine nucleus would contain synthesized rings 
of siinilai constitution Estcis have been thus picpaied wdiich 
possess mydiiatic properties 

As a stalling substance there has been employed heie In- 
accionc amimy which Heinz"* obtained iiom acetone and ammonia* 



N 

H 


The lelation between triacctone amine and the tropine bases 


TIemz, A t8q, 214, igr, 12 i, 198, 6() 
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was shown by Fischer/' who first reduced the base to tnacaoiie 
alcamine^ 


CHOH 

NcH, 


CH. 




CH, 


Ch/ \CH, 


N 

H 


and then inlioduccd a methyl group in place ot the imide hy 
diogcn 

The Iriacclonr mcllivl alcamuic thus obtained foims ci}Stal3 
melting at 7-1° and shows a close lescmblance to tropine 


CI-L— CH— CH. 

\ 

N— CI-L CHOH 

\ 

CH,— CH— CH, 

Ti opine 


CH,— C(CH,)— CH, 

/ '\ 

N— CH, CHOH 

\ / 

C Hj— C(CH,)— CH.. 

Triacetone methyl aloamme 


Its ester with mandelic acid is the analogue ot homatiopme 
and shows mailed mydiiatic propcitics 

Also a lowei homologue of triacetone amine, vuiyl diaulonc 
amine, obtained by the mteiaction ot diacetone amine and acet- 
aldehyde has been used like tnacetone amine m the synthesis of 
^‘tropeines ’’ 

In piepaiing the '//-methyl-vinyldiacetone amine, there aie 
formed two steieoisomers, one, the a-, melting at 137-138° 
the other, the / 9 -alcamine, melting at 160-161° The existence 
of these two steieoisomers is explained by the presence of the two 
asymmetiic carbon atoms in the ring 

When these isomeis are conveitcd into their esters with man- 
dehc acid, onl) one, the /?-alcamine, yields a deiivative \vith 
mydriatic piopeities 

Fischer, B i6, 1604, ::236, 17, 17Q7 
’^Haines, \ 294, 336, 296, 328 

Lew and Wnlflenstein, B 29, 1959 Marcuse and Wollfenstein, B 32, 2521; 
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ft-Oxyio!i{yl-n-mclliyl-viny!diacrio}ic alcaminc, — O — • 

CO — CHOH — CjjHs (cuphlhalminc ’"O foims piismb which molt 
at 113°, its isomei, a-oxyloliiyl-n mclliyl vuiyldiacclone altaminCy 
is a viscid oil 

Pseudotropine, CgHigNO — This ibomci ot Li opine forms, 
accoiding to Ladciibiiig/^ the basic product resulting fiom the 
saponification of hyoscine. It orcuis in crystals which melt 
at 106°, it boils at 242°. It is quite soluble in watei, is less 
hygioscopic than ti opine, and possesses the character of a teitiary 
base In constitution it must be like tiopine, but as yet wc do 
not know in what the isomnism of the two bases consists 

This pseudotropine of Ladenbuig should not be confused 
with that of Liebcrmann which the latter investigatoi obtained 
from the saponification of tiopa-cocaine, a coca alkaloid These 
alkaloids, which were lormerly supposed to be the same, are not 
identical 

Scopoline, C8 H,jN 02 — Scopoline is the basic decomposition - 
pioduct oi scopolamine (atroscine) It was fiist obtainerl h) 
Schmidt Hesse, who prepared it fiom the so called atioscine, 
named it o^cuic 

Scopohne crystallizes from ligiom or chlorotoim in prisms 
which melt at 110°. It is easily soluble m watei and alcohol, 
little soluble in ether It is a teitiaiy base and optically inactive, 
bcopoline possesses a methyl group attached to the niirogcn. 
Oxidized with potassium oi barium peimanganate, it is con- 
veited into a secondary base, scopohgeninc, CybluNOo This 
with ineth}/! iodide is reconverted with scopohne 

Heated -with concentrated hydriodic acid to 150®, scopohne 
is largely converted into a hydnodide of hyd} lodoscopohne, 
CgHi^OjNI HI On reduction with hydiiodic acid and led 
lihosphorus at a still highei temperature, scopohne yields hydio- 
stopohdine^ CgHifiN"^ 

Of the two oxygen atoms in scopoline, one is piobably ketonic 

Harries, B 31, 665 

Ladenburg, B 13, 1549, 14, 1870, 17, 151; 25, 2388, A 276, 345 

Schmidt, ApotJi -Zeiiting, 17, 592 
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in chaiacler, the other behaves as hydioxyl oxygen The 
hydioxyl gioup leacts with oiganic acids in the presence of 
h3'drochloric acid to foim esters, the scopolcuics^ analogues of 
the liopeincs Schmidt and Luboldt piepared these scopo- 
leines also by the action of vaiious acid anhydrides on scoiiolinc 
In comparing the empiiical ioimula; of scopolinc, CsHigNOj, 
and of tropine, CHHir^NO, it would a[)peai that the former ot 
the two bases was deiivcd iiom the lattei by the change ot a 
CHo gioup to a CO group. According to the investigations of 
Schmidt and Luboldt this appears to be the case 

^^Meick, B 28, Ref S-’o 
Schnudt and Luboldt, A. Pharin , 236, ii, 33 
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THE COCA ALKALOIDS 

The leaves of Erylliroxyloii Coca Lam (family of the Linaceje) 
contain a numbei of alkaloids almost all of which beai a close 
chemical lelaLion to one another. Thus far thcie have been 
isolated the following 

1 Cocaine CiyHjiNOj 

2 Cinnamylcocaine CioPLa^Oi 

3 a'*Tru\illine (CioH2jN04)2 

4 /?-Tru\illine (CujPL^NOi)^ 

5 Benzoylecgonme CmHioNOo 

6 Tiopa-cocame CiJ-IujNOa 

7 Hygrine CsHiqNO 

8 Cuscuhvgrine CuPLiNOj 

Gunther^ has discovered a mclhylcocaine, CmH^gNO^, but 
further data are desired regaiding this com[)ound. 

The first four alkaloids are by fai the most abundant and 
are found in all the vaiieties of coca The coca alkaloids, called 
also cocaines^ are all esteis of the same substance, ccgonuic On 
sa|XDmfication with alkalies or acids, the cocaines arc decomposed 
into cegomne, methyl alcohol, and an aiomatic acid The acid 
vanes in its composition m difleient cases, while the fiist two 
compounds lemain the same, Gunther’s coca alkaloid, howevei, 
appears to yield ethyl alcohol as a product of decomposition 
Cocaine contains benzoic acid, cinnamylcocaine, cinnamic acid, 
and the tiuxillines, two isomeric lru\illic acids 

When the ciude mixture of the alkaloids, as it is exti acted 
directly from the plant, is saponified, there are obtained also 


^ Gunther, Benchtc der deiUschen pliarmateuiischcn Gcscllschajt, g, 38 
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Other acids {isocinnamic^ allocmnamic^ Jwmococaic^ li 07 }w nococa i>c 
acids) From the occarrence of these acids we naturally con- 
clude that the corresponding cocaines exist in the coca-leaves, 
as yet, hovvevei, these cocaines have not been isolated. 

Of all the cocaines, the fiist only, cocaine itself, is cr^^stallme 
and possesses a therapeutic value, the others are amorphous 
and without special physiological action 

I. Cocaine. 

Cocaine, which was isolated by Niemann ^ in i860, possesses 
the loimula Ci7H2iNOi^ It is found in the coca-leaves only 
m small quantities (at the most 1%) 

It crystallizes from alcohol m prisms which melt at 98°. In 
watei it is little soluble Its solutions taste bitter, react alkaline, 
and are Itcvorotatory, the hydrochloride m aqueous solution 
shows a specific rotation of — 71^.95 It Is used in medicine as a 
local anesthetic, ordinarily m the form of its hydrochloride 

Cocaine is a tertiary base It contains a melhoxyl and a 
^//-methyl group 

It IS an ester, even boiling with watei is sufficient to saponify 
It, it is thus decomposed into be nzoylec go nine and methyl alcohol. “ 

C^^H.iNO. + HaO C,„H,oNO, + CH3OH 

Cocaine Ben70vlecguiune Metliyl alcohol 

If in this leaction the water is replaced by mineral acids, 
bar3da-water, or caustic alkalies, the bcnzoylecgonine is also 
decomposed and there aie formed ecgonme, benzoic acid, and 
methyl alcohol ^ 

CnH2,N0,+ 2H20 CyHjsNOaH-C^HA+CHaOH. 

Cocaine Ecgoninc Benzoic Methyl 

acid alcohol 

^ Niemann, A 114, 213 
^Lessen, A 133, 351 
f ^ Plerjssey, J Ph chm [6], “Z* 59 
® Herzig and Meyer, B 27, 319, M 15, 613 
® Paul, Pliannaccuhtal Journal, 3, 325 Einhorn, B 21, 47 
’Lessen, A 133, 351 Calmels and Gossm, C r 100, 143 
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Cocaine is accordingly an ecgonine m which one hydrogen 
atom IS replaced by a benzoyl group and another by a methyl 
group 

Ecgonine CjHisNOs 

Benzoylecgonme CoH,,N03(COC(jH5) 

Cocame (Methylbenzoylecgonine) . CaH,jN03(COCoH5)(CH3) 

Cocaine may be synthesized fiom ecgonine m seveial ways 
Merck® and Skraup “ in 1885 fiisl prepared it aitificially by 
heating benzoylecgonme with methyl iodide: 

C.oH.aNO.+ CHsI CnHj.NO.HI 

Benzoyltcgunine Hydnodide oL cocaine 

Meick'” then succeeded in converting ecgonine into cocaine 
in one operation by heating it with benzoic anhydride and methyl 
iodide for ten hours in a closed tube at 100°: 

2CaH,3N03 + (C^HjO),© + 2CH3I- 

Ergonine Benzoic anhydride 

C„H3,N0,HI + C„H,3N03HI + C7H303CH3. 

Hvdnodide Hydnodide Methyl 

of cocaine of ecgonine benzoate 


These methods of preparing cocaine afforded, however, only 
a small yield of the alkaloid and it remained for Licbermann “ 
to develop a more productive method of synthesis. By the acUon 
of benzoic anhydride on ecgonine in concentrated aqueous solution 
he obtained benzoylecgonme This treated with hydrogen 
chloride or sulphuric acid in a solution of methyl alcohol yielded 
cocame 

This process is used to-day commercially to convert into 
cocaine all the coca alkaloids We have seen that of all these 
alkaloids, cocaine is the only one of pharmaceutical value Its 

® Merck, B i8, 2264 
Skraup, M 6, 556 
Merrk, B 18, 2952 
” Libermann, B 21, 3196, 27, 2051 
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separation from the others is difficult It is preferable to with- 
draw tiom the mixture by saponification all theecgonme and 
then to conveit this mto cocaine There is thus secured a larger 
quantity of pure cocaine than was oiigirially present in the plant 

Einhorn also piepared cocaine by fiist methylating ecgonine 
and then heating with benzoyl chloride the methyl ester of ecgo- 
nine thus obtained 

If in the pieccding reactions the methyl alcohol is leplaccd 
by othci alcohols, theie is obtained a series of the higher homo- 
logues ol cocaine These derivatives possess almost the same 
physiological propeities as cocaine, at the same time in their 
therapeutic action they possess no particular advantage ovei the 
natural alkaloid The ethyl derivative, coca-ethyl me, first pre- 
pared by Merck, forms piisms melting at 109°. This may be 
identical with a coca alkaloid isolated by Gunther, which melts 
at 110-111° and which he regarded as an isomer 


2. ClNNAMYLCOCAlNE. 

This base is found in almost all the varieties of coca, but 
particularly in that fiom Java, in which it constitutes nearly one 
half ol the entire quantity ot the alkaloids It was disco\CLed 
by Giesel m i88q Its constitution was studied by Lieber- 
mann,“ who succeeded in synthesizing it by the action of cin- 
namic aldehyde on ecgonine and subsequent treatment with 
methyl alcohol 

Cmnamylcocame is accordingly a cocaine in which the radical 
of benzoic acid is leplaced by that ot cinnamic acid 

Cmnamylcocame may also be obtained m a crystalline condi- 
tion by cooling its hot benzol-ligioin solution It forms needles 
which melt at 121° It is almost insoluble m water and ether, 
easily soluble in alcohol Its solutions are lievorotatory 

Einhorn, B 21, 47, 3335, B 22, Ref 619, B 27, 2960, Ref 953 Einhorn 
and Willstatter, B 27, 1523 

Giescl, P/iat HKiceulisilic ZcUmig^ 34, 516 
Liebermann, B 21, 3372 
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3 and 4. a.- AND /?-TRUXILHNE 

In 1887 Hesse isolated fiom a coca of TruxiUo (Peru) 
an amoiphous alkaloid, which he named cocamuic and lo which 
lie assigned the foimula CiJijgNO^j The following year Licber- 
mann showed that the so-called cocamine was a mixture of 
two isomeric cocaines coiiesponding to the double foimula 
On saponilying these alkaloids with barium 
hydioxide he obtained as decomposition-pioducts cegomne, 
methyl alcohol, and two acids of the foimula CigHu^O^ These 
last he named a- and ft-lniMllic acid and the corresponding 
alkaloids, a- and l^-tnixillinc: 

Q8H,eN,0g-t-4H;0-> C,,H„0, + 2 CoH,,N-03 H- 2CH,0 

TruviUine TtukiUil acid Ecgunine Mi Lhyl alcohol 

Shoitly afterwaids Licbcrmann and Dioiy^^ succeeded in 
synthesizing the two truxillmcs by treating eegonme with the 
anhydiides of the triixillic acids and methyl alcohol The con- 
stitution of these bases is accoidingly analogous to that of the 
othci cocamcis, they aie methyl csteis of two lrn\iUylec^onincs, 
(C,H,,N0,),(CH3),C.gH,,0, 

n:-Tiuxilhnc is amoiphous and melts at 80°, it is kevoiotatoiy, 
it is little soluble in water and ligroin, but readily soluble Jn 
other solvents In taste it is quite bitter 

/?-Tiuxillme possesses similar properties, it is likewise amor- 
phous and begins to melt at 45°, it diftcrs from its isomei m 
its slight solubility in alcohol 

The Truxlilic Acids. — The constitution of these acids has 
been made clear through the investigations of Liebermann and 
his students 

Hesse, PharmaceHtischc Zciliiug, 32, 407, 668, B 22, 66^, A 271, i8o, 

J pr [j] 66, 401 

’“Liebermann, B 21, 2342, 22, 672 

” Liebermann and Drory, B 22, 130, 680 

Li( bermann, B 21, 2342, 22, 124, 130, 680, 782, 2240, 2236, 2261, 23, 317, 
2516, 24, 2589, 25, 90, 26, S34, 27, 1410, 1416, 3T, 20Q5 
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The tiuxillic acids, (CgHgOo)), are pol)mcrs of cinnamic 
acid, on distillation they aie converted into this acid Since 
they do not absorb bromine and on oxidation with potassium 
permanganate do not yield benzaldeh}de, they apparently have 
no double bond in the molecule They are accoidmgly without 
doubt deiivativcs of tetiamethylenc and piobably possess the 
following constitution 


C„H— CH— CH~COOH QH — CH— CH— COOH 

II II 

COOH— CH— CH— C0H5 CA— CH-CH— COOH 

I II 

a~Triixillic aad crystallizes from alcohol in needles melting 
at 274® It is little soluble in hot water and in all oigamc 

solvents Fusion with caustic pota^sh oxidizes it to benzoic 

and acetic acids With phosphorus' pentachloiide it yields a 
chloiide When this is heated with sodium a'-trii\illate there is 
tormed an anhydride of the foimula (CoH70)^0 Fuming 
sulphuiic acid conveits a'-triixillic acid into iraxone^ 
a body which melts at and sublimes without decomposition 

Hausmann obtained truxone m an entirely diflerent way 
by starting with a'-hydrmdone 


OC— CH, 
H.Q-CIT 

a-Hydrindune 


OC — CH— CH— CO 
hA— CH— CH— C„H, 

Truvone 


This method of synthesis readily explains the iormation ot a 
t el ra methylene ring in truxone 

The constitution of o:-truxiIhc acid is probably expiessed 
by foimula I 

[i-Tritxillic acid is more soluble in hot watei than its isomci 
It melts at 206° On oxidation with potassium permanganate, 


Hausmann, B 22, 2023 
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benzoic acid, and benzil C^Hj — CO are formed, the acid con- 

I 

C„H,-CO 

sequently contains the complex CcHg — C 

QN,— C 

It 13 depolymerized by heat, being converted into cinnamic 
acid By the action of acetic anhydude there is foimed an 
anhydride, which will condense with resorcin to a 

fluorescein All these data indicate that ^-triixillic acid should 
be represented by formula II 

Both the tiuxillic acids, also the anhydiides of these acids, 
aie changed by the action of alkalies into steieoisomeiic acids 
( 5 - and e-UumUic acids) In fact theie aie theoictically possible 
not less than five steieoisomeis of loimiila I and six of foimula II 

The synthesis of cr-truxillic acid was eflected by Ruber 
in igo2 Cinnamylidenc malonic acid, QH.5 — CH=CH — CH— 
C(COOH)„ by the action of sunlight is polymeiized to a dimo- 
Icculai substance, which on oxidation yields among olher 
products a-truxillic acid 

C,H-CH=^CH-CH=C(COOH), 
(C00H)3C=CH~CH=CH-C«H, ^ 

Cinnanf^lidcne malonic acid 


C„H,— CH— CH— CH=C(C00H)2 
(COOH).C=CH-CH-CH— C„H, 

Diphenyl-tPtramethylene-dimethylcnc malunic acid 

Qft-CH-CH-COOH 
HOOC— CH— CH— C^H, 

a-TrLL\illic and 

It was found later that cinnamic acid itself under the prolonged 

Ruber, B 35, 2411, 2908 Kohlci, Am Chem Jour 28, 233 
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action of light polymeiized diiectly to ^Y-truxllllc acid In this 
reaction the isomeric / 3 -truxillic acid is apparently not formed 

5. Benzoylecgonine. 

This deiivative, which is a pioduct of the partial saponifica- 
tion of cocaine, is found already formed, although in veiy small 
quantity, in coca-leaves It bears the formula CmHmNO^ or 
Cs)Hj,NOi(COC,jH5). It crystallizes from hot water in prisms 
containing four molecules of water The melting-point of the 
hydrous body is 92®, of the anhydrous 195° 

Benzovlecgoninc diflcis from the other coca alkaloids m its 
acid piopertics, it dissolves in alkalies It is easily soluble in 
water and alcohol, insoluble in ether 

As we saw above, bcnzoylccgomne on hydrolysis is decomposed 
into ecgonine and benzoic acid Licberrnann and Giesel ““ suc- 
ceeded in icveising this reaction by healing ecgonine with benzoic 
anhydride and some watei By lieating benzoylecgomne with 
the proper alcohols and hydiogen chloride, theie aie formed 
cocaine and its homologues 

Ecgonine, CoHj^NO, — Ecgonine results as a saponification- 
pioduct of all cocaines, which must accordingly be regarded as 
Its esters It crystallizes with one molecule of watei in pnsms, 
which after being diied melt at 198-199°, it is hevorotatory 
and easily soluble m water 

Ecgonine is a body” with a thieefold function, it leacts at 
the same time as a teitiary base, as a monatomic alcohol, and 
as a monobasic acid Its teitiary basic character is shown by 
Its uniting with a molecule of alkyl halide to form quaternary 
salts, its ability to form csteis — such as benzoylecgomne — with 
acid anhydrides and chloiidcs indicates the presence of an alcoholic 
hydroxyl group, finally its solubility m alkalies giving rise to 
salts which are not decomposed by carbonic acid and the ease 


Skraup, M 6, 556 Merck, B i8, 1594 
Liebermann and GjcslI, B 21, 3196 
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With which il IS converted into esleis in the picsencc of alcohols 
and mineral acids point to the existence of a carboxyl gioup. 

The formula CaHisNOj may accoidingly be expiessed as 
follows 

HO— C>,H, =N 
COOH 

The fact, however, that ecgonine solutions aie neutral in 
their action toward litmus, led Einhorn to believe that m the 
free ecgonine the acid and basic gioups mutually compensate 
each other, we would thus have a betaine-like deuvative. 

HO— CsH, 3=NH 
CO — o 


As a matter of course, in the foimalion of salts the betainc-like 
ring IS broken and we must in such cases return to the first foi mula 
Ecgonine possesses a methyl group attached to the nitrogen 
This IS shown first of all by an observation of Meick,^^ who 
obtained methylanune by boiling ecgonine with baryta-water. 
It further results from a reaction noted by Einhorn-^ When 
ecgonine is moderately oxidized with potassium peimanganate 
It IS converted into a derivative, CgHiaNO,, norcigoninc, whose 
esters are secondaiy bases. Noreegomne ciystallizes in needles 
melting at 233° 

Accordingly the foimula of ecgonine may be further expressed 
as 


HO— C,H,„=N— CH, 
COOH 


or 


ho-c,h,.=n<h„^ 


CO — o 


What IS now the constitution of the complex C7Hi„N ^ 

This problem has been studied for a long time in a series of 

“Merck, B 19, ;;oo2 
Einhorn, B 21, 3029 
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careful investigations, but only tound its solution when the struc- 
luie of tiopine was solved > 

Ecgonine, indeed, is most closely related to tropine, since 
it proves to be a carboxylic acid of the latter 

The relation between the two alkaloids appears in a character- 
istic reaction Ecgonme may be easily converted into tropidine 
(page 243) 

CgHigN + CO^d-aO. 

Ecgonme Tropidine 


From this all the considerations which have been presented 
in regard to the constitution of tropine (p 217) attain new 
significance 

The oxidation-products of ecgonme and tropine aie the same 
The action of chromic acid converts both bases into IropDione 
CgHiaNO.-® If the oxidizing action of the chromic acid is 
stronger, both yield Iropniit acid, CyHi^NO^-® The acid 
derived from ecgonine is, howevei, dextrorotatory, while that 
from tropine 'is optically inactive 

On the basis of the formula developed for tropine, the con- 
stitution of ecgonme may be represented as follows 


CH.— CH— CHa 

N— CHj \hOH 

. \ / 

CH,— CH— CHj 
Tropine 


CH — CH— CH— COOH 

V \ 

N— CH, C HOH 

. \ / 

CHj— CH— CHj 
Ecgonine 


CH— CH— CHj 

V \ 

N— CH , CO 

\ / 


CH— CH— CH, 

Tropinone 


CHo— CH— COOH 

V 

N— CH, COOH 

I \ / 

CH,— CH— CH, 

Tropintc acid 


In the molecule of ecgonine as in that of tropine there is 
accordingly jiresent a ring system in which there exist the nuclei 
of a piperidine, a pyirolidinc, and a cyclohcptane ring. 

Willstalter, B 31, 261,5 
25 Liebemiann, B 23, 2518, 24, 606 
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The above oxidation experiments enable us not only to de- 
termine the constitution of the atomic complex 
m ecgonme, but they also give us an indication regarding the 
position of the hydroxyl and carboxyl groups in this complex 
Since both ecgonme and tropinc yield the same tropinone 
and this leaction depends only on the conversion of a CHOH 
group into a CO group, the OH of the ecgonme molecule 
must occupy the same position as that of the tropine molecule 
(page 221). 

The position of the carboxyl group is shown from the following 
consideration Oxidation converts ecgonme into tiopmic acid, 
and this acid, as we have seen (page 220), is a derivatfve of n 
methylpyirolidine The caibon atoms of the caiboxyl gioups 
consequently did not originally foim a part ot the pyrrolidine 
nucleus, but of the piperidine ring 

The presence of a piperidine ring in the ecgonme molecule 
had indeed been shown much cailier by Stohr,-^ who obtained 
a-eiJiyl pyudine by distilling ecognmc ovei zmc-diist 

Anhydroeegonme, CoH^NOo — Merck observed m 1886 
that when ecgonme is heated with phosphorus pentachloiide, iL 
loses a molecule of watei and is converted into a new base, which 
he called anhydroeegonme: 

CoH,,N03~>C,H,3NO,-hHA 

ELgonine Anhydroeegonme 

Einhorn and his students^® undertook the study of this de- 
rivative and made it the subject of a senes of investigations 
which we shall now briefly consider 

Anhydroeegonme is formed from ecgonme not only by the 
action of phosphorus pentachloride, but also by that of other 
dehydrating agents, such as sulphuric and hydrochloric acids 


Stohr, J 3 22, 1126 
Merck, B 19, 3002 

Einhorn, B 20, 1221,21,47,3029, 22, 399, 23, 1338, 2870, 25, 1394, 26, 324, 
45T, 2009, 27, 2439, 2823, A 280, 96 
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Anhydioecgonine forms crystals melting at 235°, it is readily 
soluble in water and alcohol, almost insoluble in ethci Its 
solutions aic Icevorotatory. It possesses both a basic and an 
and character, like cegomne it contains a caiboxyl group and 
can be converted into an esLei by treatment with alcohol and 
hydrochloiic acid Its alkali salts aie not decomposed by cai- 
bonic acid 

On the other hand, anhydioecgonine docs not contain the 
alcoholic group of eegonme, it is unaffected by acid anhydrides 
and chlorides The loss of the alcoholic hydroxyl has given use 
to an iinbaturatcd deiivativc Anhydrocegonme adds two atoms 
of hydiogcn, ol a halogen, a molecule of a halogen hydiide, 
etc It is accordingly lormed by the conversion of the gioup 
— CH, — CHOH — into that of — CH=CH' — , a reaction which 
IS completely analogous to the ioimalion of tiopidine from tiopmc 

When anhydroecgoiiine is oxidized with potassium per- 
manganate 01 nitric acid it yields succinic acid, it must accoid- 
ingly contain also the gioup — CHj — CH2 — , which is present 
in this acid 

Heated with hydiochloiic acid to 280^, anhydroecgonine is 
decomposed into carbon dioxide and a base, CgHigN, which is 
identical with tvopidinc (page 205) 

CoH,,NO.->C8H,3N + C02. 

AniliydioPcgonine Tropidme 

This icaction is ot the greatest importance, since it shows 
the close relation that exists between the coca alkaloids and 
those of the solanacete It suggests the possibility of converting 
cocaine into atiopmc, since the latter base, according to the 
method of Ladenbiiig,^^ can be prepared from tropidme 

Anhydroecgonine is appaiently then simply a tropid^ne mono- 
cQrbo\ylic acid 

Foi anhydroecgonine there are accordingly possible the follow- 
ing two formuke 

Einhorn, B 23, 1338 
Ladenburg, B 12, 941. 
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H 


CHo— CH-CH-COOH 

V \ 

N— CH3 CH 01 

\ // 

CHo— CH—CH 

I 


CHo-CH— C— COOH 
/' 

N— CH3 CH 
\ 

CH,~CII— CH^ 

II 


AnhyJroecgonine 


A suggestion ot Willstatter leads us to decide in favoi ol 
ormula I By the destructive process of Hofmann anhydioec- 
omne can be converted into a nitrogen-free acid, the so-called 
-cyUoliepiatnenc carboxylic acid, CgH^Oo 

CH=CH CH— COOH 

\ 

CH 

/ 

CH=CH CH 

3 Cvcloheptatntne carboxi Ijc acid 

This acid (melting-point 32°) is changed by the action of 
dkabes into an isomeric acid, whose double bond is to be re- 
garded as lying next to the carboxyl gioup Consequently in 
he original acid the double bond must be situated between two 
)ther carbon atoms, and in anhydroecgonine itself there can be 
10 double bond in the position 

Hydroeegomdine. — When anhydroecgonine is reduced with 
, odium and amyl alcohol, it absorbs two atoms of hydrogen 
ind IS converted into hydroeegomdine^ The con- 

stitution of this derivative follows naturally from that of anhy- 
Jroecgonine 

CHj CH CH— COOH 

/ \ 

N-CH3 CH. 

\ / ^ 

CH. CH CH. 

HydroLLgoTudinc- 


It IS a neutral body giving well-defined crystals; it is optically 
inactive, with mineral acids it foims salts 


VVillstalter, B 31, 24q8, 2655 
Burhner, B 30, 702 
WillbUtter, B 30, 702 
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Nitrogen-free Acids which Result from the Decomposition of 
Ecgomne — Our present conception of ecgonme and its deriva- 
tives as cycloheptane derivatives finds special support in the 
nitrogcn-free acids, which may be obtained from the derivatives 
of ecgomne by means of Holmann’s [irocess of destructive mcthyla- 
tion 

We lecall heie the conversion already discussed (page 220) 
of tiopmic acid (the oxidation-pioduct of ecgomne and tropine) 
into pnnclic acid, COOH — (CH2)5 — COOH 

Furthei, it was found possible to transform liydroecgonidine 
to siiberone, C7H12O, 

CH. CH, Clio 

\ 

CO 
/ 

Cr-To CH, CH, 

Suberone 

in the following way 

By the exhaustive methylation of the ethyl ester of hj^dinec- 
gonidme (page 244) there is formed the methyl iodide oj nictliyl- 
hydroccgonidinc ester When this is subjected to the action of 
caustic alkalies the nitiogen is eliminated and there results 
an imsatuiated nitiogen-free acid, a cyclohcpladiene carboxylic 
acid, CgHjLoO, 

CH. CH=C— COOC^Hs 

CH. + 2 KOH 

CH. CH CH 2 

N— I 

/ I \ 

H3C CH3 CH3 

Methyl iodide of methyl- 
hydroeLgonidine ester 

CH, CH=CH 

\h— COOH -FN(CH3)3 +C2H50H + KT+Hn0 

/ Tnniethylamme 

CH 2 CH=CH 

Cyclohcptadicne carboxylic acid 


Willstattcr, B 31 , 24 Q 8 
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This cycloheptadiene carboxylic acid is then reduced to 
cycloheptane carboxylic acid^ CyH^aCOOH, biominated m the 
t\!'position, the bromine replaced with hydroxyl by means ot 
baryta-water, and finally the a'-o\yacid, C7H,2(OH)COOH, 
thus obtained converted into suberone by oxidation with lead 
peroxide 

Einhorn in cooperation with Tahara, Fiicdlandei, and 
Willstattcr obtained by the exhaustive mcthvlation of ecgonine 
and of anhydroecgonine, p methylene dihydfobcnzoic acid, CgHj^O^ 
This acid may be m part reduced, being conveiLed into d^-clhyl- 
cyclo pentane carboxylic acid, CyHj»0, 

Both these acids are now regaidecl as cycloheptane denva- 
tives 

J^-Ethylcyclopentane carboxylic acid proved to be identical 
with d^-suberene carboxylic acid {cycloheplene carboxylic acid) 


CH. — CHo CH. 

cooH 

// 

CH. CHo CH 

CycluhepLene carbo’cyUc acid 


The constitution ot this acid is shown by the following simple 
synthesis from subcrone- The nitrile formed by the addition 
of prussic acid to suberone yields on saponification oxysuberane 
carboxylic acid- 


CH„ — CH„ — CH, 


CH, CHj CH, 


\ /'OH 
C 

/ \COOH 


This acid by the elimination of water yields J'-suberene carboyyhc 
acid (cycloheplene carboxylic acid), a crystalline derivative 
melting at 51-53° 


’“Einhom, B 26, 32^, 1482, 27 2823, A 280, q 6 

"Buchner, B 29,106, 30,632,1949, 31,2241, 32,705 Buchner and Jacobi, 
31. 399 Buchner and Lingv, B 31, 402, 2247 Buchner and Braren, B 33, 
684 Wilbtatter, B. 31, 1534 . 2498, B 32, 1635. 
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On reduction suberene carbo\ylic acid is conveited into the 
saturated siiberaiic carboxylic and, C8H14O2 {tycloheplanc car- 
boxylic acid). 

CH. CH„ CH„ 

\ 

CH— COOH 

/ 

CH^ CH, CH, 

Cycloheptant: carbuwlic acid 

The free acid is an oil, its amide melts at 193-194°. 

If now i^-ethylcyclopentane carboxylic acid, CyHi202, is iden- 
tical with cycloheptene carboxylic acid, it follows that /^-methylene 
dihydrobenzoic acid, CgHgOg, is identical with cycloheptatiiene 
carboxylic acid (page 244) 

This identity was shown by Buchner m anothei way. 

He found that from the action of diazoacetic ester on benzol 
there is formed the so-called pscudophenylacetic acid, CgHgO, 


CH=CH- 


CH= 


rCH- 


CH H 

\/ 

C 

. /\ 

CH COOH 


Pscudophenylacetic acid 


This acid by molecular rearrangement yields tsophenylacclic 
acid^ which occurs in thiee isomenc forms depending on the 
position of the double bond These isophenylacclic acids are 
true cycloheptatriene carboxylic acids, which contain three 
double bonds in a iing of seven carbon atoms On reduction 
they 3neld cycloheptaiie carboxylic acid (suberane caiboxvhc 
acid) 

When the cycloheptatriene carboxylic acids are heated with 
caustic potash, the position of the double bond is easily shitted 
and they are converted into their isomeric forms The most 
stable of the forms appears to be the one having the double bond 
next to the carboxyl group (page 244) 

We see accordingly that by the exhaustive methylation of 
anhydroccgonine and of hydroccgonidme there are formed cyclo- 
heptatriene carboxylic acid and cycloheptadiene carboxylic acid 
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respectively, and that these acids yield on reduction cycloheptcnc 
carboxylic acid and finally cycloheptanc caiboxylic acid 

The position of the double bonds m the unsatuiated acids 
has not as yet been definitely established 

Dextro-eegonme — The formula of ecgoninc, as it has been 
de\ eloped above, contains four abyminctric caibon atoms This 
makes possible the existence of a laigc niimboi ol stereoisomers 
ol the naluial ecgoninc As yet there have been obtained only two 
ot these, of which one is known as dextio-ecgoninc Einhoin 
and Maic[uaull^^ prepared this by heating the ordinaiy Itevo- 
lotatory ccgonine or various natural cocaines with an alkali 
Dextro-e( gonine diffeis fiom its isomei not only in the direction 
ot Its rolatoiy povvei, but also in its highei melting-point (2c^7°) 
and in the properties ot its salts Einhoin and his students 
have carried out the same reactions with dcxtio-ccgonine as 
with kevo-eegomne and have theieby obtained a senes of cleiiva- 
tivcs, ot which some aie identical with those of the natural base 
and others ditlei tiom these only in then optical piopcilics 
Thus dextio-ecgonme by elimination ot water yields an 
anhydroecgonine, and by oxidation a tropmic acid,'^* both of 
which are identical with the derivatives obtained from the natural 
Icevo-ecgonine 

This indicates that in the formation of clcxtio-ecgonme fiom 
lawo-eegonme only the asymmetric carbon atom is conceined 
which bcais the group — HOH 

If dexlro-ecgonine is subjected to the action of weaker reagents 
which leave the HOH group intact, il gives rise to deiivatives 
which difier from those of L'evo-ecgonine. Thus potassium 
permanganate oxidizes dextro-ecgoninc to dcxho-norccgoinve, 
alcohols and hydrochloi 1C acid give rise to dcxtiorotatory estcis, 
and benzoyl chloride converts the methyl ester into a dexlro- 
cocainc Dextro-cocaine is a crystalline deiivativc melting at 


Einhom and Marquardt, B 23, 468, 24, Ref 435 

^Emhorn, B 23, 468, q 7 q , 24, 7, Ref 435, 26, 962, 1482, 27, 1880 
Liebermann, B 24, 606 
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46-47°, m physiological action ifc closely resembles ordinary 
cocaine 

Liebeimaiin and Giesel have also obtained dcKtio-cocaine 
as a side-product in prepaiing the ester of natuial ccgonine They 
inlei from this that the latter contains some of the dextro-modili- 
tions. Possibly, however, the occurrence of the dextioiotatory 
alkaloid IS to be accounted foi by a change of some of the Icevo- 
ccgonine into dexLio-ecgonine during the formation ot cocaine 
and the subsequent conversion of this into the dextrorotatory 
cocaine 

Inactive Eegonine.'*^ — Just as ecgonine may be converted 
into tiopinc, so fiom liopinc we can deiivc an inactive ecgonine, 
which IS probably the lacemic modification of ordmaiy ccgonine 
(/-ecgonine). 

Tiopinone, the oxidation-pioduct of tropine, yields with 
sodium the derivative CsH^NONa It this sodium tropinone 
js now tieated with diy carbon dioxide and the addition-product 
IS reduced with sodium amalgam in dilute hydrochloric acid, 
maclivc ecgonine is obtained 111 small quantity 

Inactive ecgonine, CuHifiNO,, separates from alcohol 111 
rhombic crystals, winch melt with decomposition at 251° It 
IS very soluble in vvatei, difficultly so in alcohol The acid is 
neutral in reaction 

When the methyl ester of /-ecgonine is subjected to exhaustive 
methylation, it yields the same cycloheptatriene carboxylic acid 
as does the estei ol ecgonine under like treatment. Its constitu- 
tion must then be 


ci-k— CH— CH-COOH 

1 V \ 

N— CH3 CHOH 

I \ / 

CH,— CII— CH. 

InacUve ocpfonine 


From 7‘-ecgonine may be synthesized an inactive cocaine. 


Licbermann and Gicsel, B 23, 508 

Willbtattcr and Bade, B 34, 1457 Willstaticr, A 326, 42 
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^-Cocaine is insoluble in water, readily soluble in alcohol and 
ether It crystallizes in leaflets which melt at 8o° 

It IS piobablc that ^ cocaine is the laccmic modification of 
the natural alkaloid, although it has not as yet been scpaiated 
into Us active constituents This formation ol '^-cocaine fiom 
tropme is of special inleiest, since it lepresents the last step in 
the complete synthesis of the inactive alkaloid 

The chief product of the above icaclion in which i eegonme 
IS formed is a substance which is isomeric with the lattei dciivalivc 
and to which we may give the name psciidoccgounic 

Pseudoecgonine, C0H15NO3, ci}stallizes in monoclinic plates, 
which melt with decomposition at 201-202° It dissolves icadily 
in water, but with difficulty in alcohol In many ways it resembles 
cegonine, but, unlike the lattei, it cannot be converted into an 
ester, treatment with hydrogen chloiide in alcoholic solution 
simply decomposes it into caibon dioxide and pseudoLiopine 
Willstatter considers that the constitution of pseudoecgonine is 
best represented by the formula 



Pse u doe Lgo rune 


a-Ecgonine.— Another isomer of ecgonine was prepared by 
Willstatter by treating tiopinone with hydrocyanic acid and 
saponifying the resulting cyanhydrinc with hydrochloric acid 


CH,— CH— CH, 

/' \ 

N— CH3 C0-» 

\ /■ 

CH„— CH— CHj 

Trupinone 


CH,-CH_CH 
N— CH, 

CH,— CH— CH^ 

Tropinone cyanhydrm 


CH„— CH— CII„ 

N— ClI, C 

\ / \ 

CH.— CII— CH, 


COOH 

OH 


a Cogoninc 


cr-Ecgonine difiers from the natuial ecgoninc in the position 


WillstaUer, B 29, 1575, 2216 
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of llic carboxyl, winch in ihc new dciiva(.i\G is aLLached to tlic 
same caibon atom as the hydioxyl gioup 

^i:-Ecg()nine ciystalli/cs fioni liot WtiLci in pLitcs containing 
] or T molecule oi watei , it melts at 305^^ It is somewhat soluble 
in cold watei, litlle soluble in akohoi, and insoluble in ethei 
Hy liealing a'-ecgonine with methyl alcohol and hyrhochloi ic 
acid and healing the lesiilting estei with benzoic anhychide and 
walei WiUstattei obtained a-touiinc This foi ms pi isms mell- 
ingat 87-88° and, stiange to say, is devoid of anesthetic piopeities 
Eucaine. — While the traiisloimation of tiopine into a'-toiaine 
did not lead to a deiivative possessing Ihe ])iO[)erlies of an anes- 
thetic, better results in this diiection have ])ccn obtained l)y 
Meiling This mvesligaloi staited with Iriacclonc aminL\ which 
in constitution is similai to ti()[)inc)ne and which also can bo 
used advantageously in ])icpaiing aitilicial tropviHCs (page 227) 
Merling'“ converted tnacetone amine into its cyanhydim 
<ind then saponified tlie latter* 


fib 

cri , — c — erb 

\ 

Nil CT) 

\ / 
cir, — c — car, 

cri, 

TnatcCoiiL amiiK 


( H, 

I 

CU. 


^CN 


/ \ 

Nil C 

nir- c 

I 

( H, 

liiiuit(jn( ainuiL c,yanhvdnn 


crrr--c — Clio 

/ \/ 

NH C 

\ /\ 

err, — C’ — c'lfj 

I 


COOII 

on 


(’ll, 

TriticcLunt ilt rirnnie carboKylit, ncid 


The tnacctonc alcamme carboxylic acid thus formed may now 
like eegonme be converted into a cocaine, or cocainc-like body, 


■‘‘MtHing, Bcnchtc dcr dcutsriicu Phannacciit lichen Gc’\ellschajL 6, 17^ 
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n-methyl-benzoyllriacelone alcamme carboxylic acid methyl ester 
(eucaine) : 


CH, 

^COOCH, 
N— CHj C 

\ - -/^OCOCoHi 


CH,- 


-CH. 


CH, 


Eucainc 


Eucainc crystallizes in shimng prisms which melt at 104°, 
it IS employed as an artificial substitute for cocaine. 


6 Tropa-cocaine (Benzoylpseudotropeine). 

This alkaloid was discovered in 1891 by Giesel m a coca- 
plant cultivated in Java, and was studied by Liebermann Its 
formula is CigHj^NOs It melts at 49° and ciystalhzes from 
ether in plates which are insoluble in water, but easily soluble 
in alcohol and ether It is optically inactive 

When heated with hydiochloric acid it is decomposed into 
benzoic acid and a base, CgHi^^NO, at first Liebermann believed 
that this base was identical with the pseiidotro pine of Ladenburg 
which IS obtained by the saponification of hyoscine It was 
soon shown, however, that the two alkaloids are difteient. Never- 
theless the name originally given is still applied to both alkaloids. 

Tropa-cocaine resembles the tropa alkaloids in that it is 
decomposed by saponification only into an alcamine and an 
acid and not into an alcamine, an acid, and an alcohol as is the 
case with the coca alkaloids proper 

Pseudotropine.— Pseudotropine from tropa-cocaine crystal- 
lizes from a benzol or chloroform solution m prisms which 
melt at 108°; it boils at 240-241°, it is readily soluble n water, 


Giesel, Pharmaceutische Zeitmig, i8gi, 419 
Liebermann, B 24, 2336, 2587, 25, 927. 



THE COC^ ALKALOIDS 


253 


alcohol, and ether Toward litmub it is alkaline in leaction, 
and optically it js inactive 

The first investigations of Liebermann showed that pseudo- 
tropine m its constilution is closely related to tropine B} the 
dehydrating action of alkalies oi acids jt yields tropidine, oxida- 
tion with chromic acid conveits it into tiopinic acid Indeed, 
the investigations of Willstatter have shown that tropine and 
pseudotropine arc steieoisomers 

If tropinone, the oxidation-product of tropine, is leduced 
with sodium amalgam, or, better, with sodium and alcohol or 
moist ether, it is not conv^erted again into tropine, but pseudo- 
tropine There has accordingly occuired a reairangement of 
one stereoisomei into the other. The same reariangement is 
brought about when tropine is heated with sodium amylate 
Fuither, when pseudotropine is oxidized with chromic acid it 
is converted into the same Iropnioiie that is obtained by ihe 
oxidation of tropine It follows, conseciuently, that the hydroxyl 
in pseudoti opine is attached to the same carbon atom as it is in 
tropine 

When pseudotropine is oxidized with potassium perman- 
ganate the methyl group attached to the nitrogen is eliminated 
and there is formed a secondary base, pseudolropigenine, C7Hj_,NO 
This ciystaUizes in deliquescent needles, easily soluble in water 
and alcohol, but little soluble in ether This derivative is stereo- 
tsomeric with the tropigenme derived from tropine (page 205). 
Both pseudotropigenme and tiopigenine on oxidation yield 
norlropine^ and this on reduction is converted into pseudotro- 
pigenine 

Like tropine, pseudotiopme forms esters (psevdolropeines). 
These arc obtained by heating the base with acid anhydrides or 
with the acids themselves in the presence of hydiochloric acid. 
Liebermann^® prepared some of these deiivatives That which 
was formed by the action of benzoic anh3^diide proved to l)e 


" WillstdUer, B 29, 936, 1636, 2231,31, 1534 

*** Liebermann, B 22, 675, 24, 407, 26, S51, 28, 578, 29, 2050, 30, 1113 
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identical with benzoyl-pseudotiopcme, oi the natuial tiopa- 
cocaine The following iormula must accordingly be assigned 
to this alkaloid 


CH,— CH— CH. 

/ \ 

N— CH3 CH-O-CO— CftHs 

\ / 

CH.— CH— CH, 

Tropa cocaine 


The /> 5 ^’ 2 ^^/^tiopcincs ot mandclic and tiopic acids, unlike 
the conesponding bopeines^ possess no mydrialic piopertiCb 
This fact IS paiticulaily noteworthy since the aitihcial atiupa 
alkaloids den\cd fioin vinyl diacetonc amine also exhibit physio- 
logical activit} in only one stcieoisomeric foim (page 229) 
T)opyl pseudo! ropCLue forms crystals which melt at 86-88° 
It does not appeal to be identical with the hyoscine ol Laden- 
burg 

Fiom the above taels wc see that tropme may be convcited 
into tropa-cocaine, 1 e , it is possible to pass from a natural solanum 
base to a coca alkaloid This aftords an inleresting demonstra- 
tion of the close i elation between cocaine and atropine 


7. Hygrtne. 

H\giine, CRHir,NO, was isolated by Liebeimann in 1889 as 
an alkaloid accompanying cocaine It is found particularly in 
the Peruvian Cusco-Ieaves, of which it forms about o 29^, Ac- 
cording to its composition, hygrme is isomeric with tiopmc 
It IS noteworthy that, according to the earlier views, hygunc was 
supposed to differ fiom the other solanum and coca alkaloids 
in that It was a pyirolidme derivative, while up to that time 
a pyirol ring had not been found in any ot those alkaloids Now, 
howevei, when all the coca alkaloids arc known to be pyirolidme 
deiivatives, we see that hygrme was the first coca alkaloid whose 
constitution was correctly indicated 

Hvgrine is a liquid boiling at 193-195° and possessing a 
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specific gravity ol 0935 at 17°, optically it is LTvorotatoi) 
It IS a tcitiary base which contains a ^.-methyl, but no methoxyl 
group Its oxygen is ketonic in charactei, since the alkaloid 
foims an oxime 

On oxidation with chromic acid hygrme yields a monobasic 
acid, QHiqN COOH, hygric acid This crystallizes with one 
molecule of water, the anhydrous acid melts at 164^. It leacts 
weakly acid, and forms salts with the mineral acids It is readily 
soluble in water and alcohol, insoluble in ether. 

When hygric acid is heated with sulphuric acid or gold chloride 
It IS decomposed into carbon daixide and a volatile base resembling 
])iperi(line in odor Liebeimann regarded this base, ot which 
he obtained but small quantities, as pipendine, and hygiic acid 
accordingly as a pipciidmc caiboxylic acid Latei Ladcnbuig 
obtained all three of the piperidine carboxylic acids theoietically 
possible by leduction of the corresponding pyridine carboxylic 
acids (page 55) None of these, however, was identical with 
hygiic acid, consequently Libeimann took up anew the study of 
the lattci acid 

He determined first of all by means of the process of Herzig 
and IMeyer that the acid contained a ^i-methyl group, hygric 
acid accordingly could not be a piperidine derivative. He found 
furthei that dry distillation easily decomposed the acid into 
carbon dioxide and a tertiary base of the formula (boiling' 

point 81-83^^) This base proved to be ;MnethylpyrroIidine 

CHo— CH„ 

1 ^ 1 “ 

ChL CH, 

\V “ 

NCH3 

which had been obtained by Ciamician by the reduction of 
n methylpyrrol. The identity of the two bases has again been 
confirmed by the work of Ciamician and Piccinmi.^^^ 

Hygric acid is accordingly a n-methyl pyrrolidine carboxylic 


Ciamician, B t8, 2079 

Ciamician and Pjccinini, B 30, 1789 
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acid, whose carboxyl group, judging fiom its easy removal, 
stands m the ct-position 

This constitution of hygric acid is confirmed by the synthesis 
of the acid from methylamine and ao-dibiompropyhnalonic 
ester, CH,Br-CH,-CH -CBiCCOOCjHs)^ 

Hygrine now differs from hygiic acid by having the 
group m place of the carboxyl 

According to the investigations of Liebeimann we may then 
assign to hygrine one of the two following formulae 


CHjN-QH,— CO— CHj-CH, or CH,N— QH,— CH,— CO— CH, 

1 II 

Hygrme 


Possibly the preference should be given to the latter, since it 
more clearly expresses a relation between hygrine and tropine 


or tropmone: 



H.C CHo H.C C 

1 1 “ "1 1 

1 1 II 

HX CH H C C 

\ 

/ 

i 


\ / 

N 


N 

CH, 


CH, 

HX CH. HX C 

\ / 


\ / 

CO 


CO 

Hygnne 

Tropmone 


8. CUSCOHYG^ilNE. 

This alkaloid, CigHj^N^O, always accompanies hygrine in 
the Cusco-leaves, and it was discovered by Liebermann at the 
same time as the latter It forms a well-crystallized nitrate 
by means of which it can be separated from hygrine* 

Cuscohygnne is an oil, which can only be distilled without 


Willstatter, B 33, n6o, 35, 620, A 326, 91 
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decomposition in vacno At 32 mm it boils at 185°. It is 
easily soluble m water and forms a crystalline hydrate, 

+ 32H2O, which melts at 40-41°, it is optically inactive 

Cuscohygrinc is a diacid, bitertiary base, a methyl group is 
attached to each of its nitrogen atoms Its constitution is doubt- 
less quite similar to that ot hygrine, since oxidation converts 
it also into hygric acid. 



CHAPTER XXIII. 


THE ALKALOIDS OF THE POMEGRANATE-TREE 

The balk of the pomcgranate-liee (Pnnica g}ana(j{m L, 
family of the Myrtaceic) contains several alkaloids, which give 
to the bark its characteristic anthelminthic properties 

Tanret ‘ discovered these alkaloids in 1877 and succeeded 
in isolating the following foiii 

Pelletierine, CgH^gNO, 

Isopelletierine, ChHibNO; 

Methylpelletieiinc, CgHi^NO, 
Pseudopelletierme, CgHigNO 

These alkaloids receive their names from that of the French 
chemist Pelletier 


1 Pelletierine. 

Pelletierine is a colorless oil which soon becomes colored in 
the air, Its specific giavily at 0° is 0988, it is somewhat soluble 
in water, easily soluble in alcohol and ether, very soluble in chloro- 
form Its boiling-point is 195® It is a stiong base, optically 
dextrorotatory, its sulphate, however, is laevorotatory When 
the base is heated with an alkali to 100° it becomes inactive 


2. Isopelletierine. 

Isopelletierine closely resembles the preceding base, of which 
It is probably a stereoisomer, it is without action on polarized 
light 

^Tanret, C r 86, 1270, 87, 39S, 88, 716, 90, 695 
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3. Methylpelletierine. 

This IS a liquid which boils at 215°, it is somewhat soluble 
in watei, easily soluble in alcohol, ethei, and chlorofornij its 
hydiochloride is dextiorotatory. 

A possible isomei of methylpelleticnne has been isolated by 
Piccmini ^ fiom the roots of the pomegranate-tree It possesses 
the same composition as this alkaloid, is a tertiary base, and 
behaves as a ketone 


4. PSEUDOPELLETIERINE. 

Of all the alkaloids of the pomegianatc-ticc pseudopelle- 
ticrine, called also meLhylgranaLomm^ is the only one that has 
been carefully studied 

Ciamician and vSilbei ^ and later Piccinini * earned out a 
senes of investigations with reference to this alkaloid, all of 
which show that it stands in a close and simple relation to the 
tiopa alkaloids 

Pseudopelletierinc ciystalhzes from ligioin in prisms which 
melt at 48°, it boils at 246*^ It dissolves readily in watei, alcohol, 
cthei, and chloiolorm, moie difhcultly m ligroin It is a lathei 
stiong base, optically inactive'"' 

The alkaloid contains ncithei a hydroxyl nor a melhoxyl 
gioup, its oxygen atom is ketonic in character, since it fields 
an oxime with hydroxylamine, m geneial its properties closely 
resemble those of tropinone 

It possess a methyl group attached to the nitrogen ® 
Tieatcd with sodium and alcohol, pseLidopellctierme adds 

^ Piccimni, Atti R Accad dti Lincci Roma [f^] 8, II, 176 
^ Ciamician and Silber, B 25, 1601, 26, 156, 273S, 27, 2S50, 29, 48 1, l}Qo, 2970 
* Piccinmj, Aiti R Accad dei Liucci Roma [«;] 8, J, 392, G 29, II, 104, 115, 
32, I, 260 Piccinini and Cortesse, G 31, I, 561 

^Pircinmi, Atti R Accad dei> Lnicei Roma [i^] 8, II, 219 
® 1 -Ierzig and Meyer, M 15, 613 
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two atoms of hydrogen, the group CO is converted into the 
group CHOH and there results an alcamine, C8H,3(OH)= 
N — CH3, which Ciamician and Silber called viethylgranalolnie 
This forms crystals which melt at 100° and aie soluble m watei, 
alcohol, and ether, it boils at 251° With acids it }ields esteib. 

When methylgranatoline is oxidized with chiomic acid it is 
first reconverted into pseudopelletierinc and then it yiehN a 
dibasic acid, mclhylgranaiit atid^ CuH,gNO^ (piisms melting 
with decomposition at 240-245°) 

If methylgranatoline is treated in the cold with an alkaline 
permanganate solution, the w-methyl group is eliminated and 
there results a secondary base, granalohne, CyHigNO 01 
C8 Hi 3(OH)=NH. This ciystallizes from ether in needle‘s 
melting at 134° Its hydiochloride distilled with zinc-dust 
yields pyridine 

By the elimination of a molecule of water, methylgranatoline, 
C 9 Hi 7 NO, is converted into a new base, }nclliylgranaleninc, CyH,jiN 
or CyH,2==N — CH3 (boiling-pomt t86°) This elimination of 
water is effected indirectly by healing methylgranatoline with 
hydriodic acid and phosphoius, the hydroxyl group being re- 
placed by iodine, the iodide, C«H,JN HI, thus formed is then 
treated with caustic potash, whereby hydiiodic acid is split off 
and methylgranatenine formed 

If methylgianatemne is heated stiongly (240°) with h^xh iodic 
acid and phosphorus, it is leduced to the satuiated deiivatives, 
methyl granatanine, CyH,,i=N— CH3 (melting-point 49-50°, 
boiling point 192-193°), and gronalanwe, CgH^.z^NH The 
latter is a strong base which leadily absorbs caibon dioxide 
from the air On this account its melting-point (50-60°) has 
not been sharply dcteimined By electiolytic reduction methyl- 
granatonine is converted directly into methylgranalanmc 

In determining the constitution of pseudopelletierinc, the 
distillation of granatanme hydrochloiide over zinc-diist has 
proved to be of importance; there is thus formed conyiinu (a- 
propylpyridine). This result indicates that pseudopelleticrine 
and its derivatives contain a reduced pyridine ring, from which 
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m the a'-position theie branches a side-chain of at least three 
caibon atoms 

When the methyl iodide of pseudopelletierine is heated with 
baiium hydroxide it is decomposed into dimcthylamine and 
gjaiiaionc, CgHioO (a liquid boiling at 197-198°) Oxidation 
with potassium peimanganate converts the latter body into 
phenyl glyoxylic acid^ C0H5— CO — COOH 

From this it is probable that granalone is a dihydro-accio- 
phenone, CqH, — CO — CH, 

Thus fai the investigation of pseudopelletieime had been 
earned in 1896 by the labors of Ciamician and Silber. From 
their woik the alkaloid in all its reactions and decomposition- 
products closely resembled tropinone 

The constitution at that time assigned to tropinone was 
(page 218) 


HC 

CO 

|\ 

1 

1 CH, 

1 

H,C \ 

CH, 

CH, 

1 

1 \ 

1 

CH,— N 

CH 


Trnpinonc 


and so il came about, that Ciamician and Silber represented 
pseudopelletierine by the formula 


H„C— CH— CO 

■| I I 

HjC CHi CHj 


CIIj— N— CH— CH, 


Pseudopelletierine 


Shortly, however, after the statement of tlie above constitu- 
tion, which appeared to satisfy all the facts observed at that 
time, the tropinone formula received a modification which was 
not without innuence on that of pseudopelletierine. We have 
already discussed the considerations which led to an alteration 
of the above formula for tropinone, and have seen that the con- 
stitution of this base is best expressed by the following formula 
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CH„ CH CH, 

N^CH, CO 
\ / 
CH, CII CH, 

Tropinune 


Piccinini now extended the investigations of Ciainjcian and 
Silber, following closely the reactions which had led to a modifica- 
tion of the formula for tropjnone He thus found that in pseudo- 
pclleticnne the ketone group lies between two CH, groups, since 
condensation of the base with benzaldehyde gives rise to dibcn- 
zyltdenc melhylgranatonmc, 


C.H.— NCH, CO 


,C=CHCJI, 

/I 




C=:CHC„H. 


further, with amyl nitrile in a solution ot hydrochloric acid there 
IS formed dzisonilroso-nieihylgronatoninc: 


CsHs— NCH3 CO 


.C=NOH 

I 


^C~NOH 


Tropinone and tropinic acid may be made to yield pimelic 
acid (page 219 ), so pseudopelletierme (methylgranatonme) 
may be converted into suberic acid^ COOH(CH2)fiCOOH. From 
this It follows that pseudopelletierme contains an unbranched 
chain of eight carbon atoms. 

The conversion of the alkaloid into the acid is effected in 
the following way 

First pseudopelletierme on oxidation forms meihylgranaUc 
acid, CgHisNO^ By exhaustive mcthylation the ester of this 
acid is converted into homopi peryleiie dicarboxyht acid, CyHioGj, 

H00C-CH=CH^CH-CH2-CH=CH-C00H, 

Homopiperylene diLarbu\\hc acid 

which on reduction yields suberic acid 
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The conversion of pseudopelleUerine into suberic acid is thus 
completely analogous to that of tiopinone into pimelic acid 
Consequently just as tropinonc is to be regarded as a den value 
of c) cloheptane, so pseudopelletierine is to be consideicd as a 
derivative of cyclooctane The alkaloid may then be legaided 
as torined by the union of two piperidine rings, whose periphery 
presents an octane ring These considerations lead to the 
following foimula; 


H, H H. 

C C' 

/ I \ 

C N-CH, CO 

\ I / 

c — c — c 

H Hj 

PbeuOopelleticnnc 

(Metliylgranatonine) 


H, H H, 

C‘ C C“ 

/ I \ 

N— CHa CHOH 

s 1 / 

c — c — c 

H, H H„ 

Methi Igranatoline 


II > H H, 
HOOC— C— C C" 

I \ 

N-CH, CHa 

HOOC— C C'^ 

H lU 

Methvlgranatic acid 


H. H H 

c— c — c 
/ I \ 

HjC N— CH, CH 

\ I / 

c— c — c 

H, H H„ 

McLhylgranatemne 


H2 

H 

Ho 

H, 

H 

H 

c- 

-C- 

-C 

C- 

-C= 

=C 


1 

\ 

/ 

1 

\ 

HaC 

NH CH, 

HaC 

N 

CH 

\ 

1 

/ 

\ 

II 


C- 

-C- 

-C 

C 

C- 

-C 


H 

Ho 

H 3 

H 

H 


GranaLaiunt a-Prupylpyridme 


The following comparison of the derivatives of tropinone 
and of pseudopelletierine is instructive 


PseudopelletiennL . CqHicNO Tropinone CgHjjNO 

(Mcthylgranatonine) 

Meth}lgranaloline CnH,7NO Trupinc CgHiaNO 

MeLh>lgranatenine .. C^HisN Tropidine .. . CgHnN 

T^Icth\lgranatanme CgHiyN Plydrolropidme . CsH,jN 

Mcthylgranatic acid CqHisNO^ Tropinic acid .. . CgHigNO^ 

(jianatoline CgHijNO Tropigeninc . ... C^HijNO 

Oranalanine Norhydrotropidine 

Pi(»|)vlp\ ndiiie .. . CgHiiN Ethylpyndine . . C^IIjN 
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THE OPIUM ALKALOIDS 

Opium is the product resulting from the evaporation of the 
milky sap that is obtained from certain kinds of poppy-heads, 
particularly those of Papaver somnijcrnyn L. (family of the 
Papaveraceffi) This sap contains a great variety of compounds, 
such as caoutchouc, fats, resins, gums, sugars, pectines, albu- 
minous substances, mineral salts, certain organic acids (lactic 
acid, acetic acid, meconic acid), some neutral derivatives of 
these acids (meconine, meconoiosine, opionine), and a laige 
number of alkaloids 

These last may be separated according to their properties 
into two distinct groups 

I The morphine group Strong bases, very poisonous and 
containing an oxazine ring 

1 Morphine =C,7H,,NO(OH)2 

2 Codeine = C,7H,7NO(OH)(OCH3) 

3 Pseudomorphine. . (CiyH^sNOa)^ =[Ci7H,oNO(OH)2]2 

4 Thebaine CjoH^^NOs - C,7H,5NO(OCH3)2 


II The papaverine gioup Alkaloids which possess little 
physiological action and which, as far as their constitution is 
known, are derivatives of isoqumoline; 


5 Papaverine C.^HoiNO^ 

6 . Codamine C2oH25NO^ 

7 Laudanine ‘ ‘ 

8 Laudanidine .... 

9 Laudanosine CjiH^yNO, 


= C,«HoN(OCH3), 

= C,sH,3NO(OH)(OCH3), 
= C„H.,N(OH){OCH,), 

C i 

= C„H„N(0CH3), 
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ro. Tiitopme (C2iH37N0j)20 = 

11 Mecomdine CaiH.gNOi 

12 Lanlhopine Q3H25NO4 

13 PioLopine C2 oHj,,N05 

14 Cr}ptopinc C2 iH23NC)5 

15. Papa\eramine C.iH^iNOr, 

16 Naicotine C22H23NO7 

17 Gnoscopme 

18 Oxynaicoline. ... CosPIoaNOs 

19 Narceine €2^1^271^08 

20 Hvdrocotaininc . Ci^Hj^NOg 

21 Xaiithalinc C^yliauNsO,) 

The 1 dative pioportion of the leading substances found in 
opium may be appioximaiely repiesentcd as lollows 


Alorphine 

9% 

Naicotine 

5 % 

Papaverine 

08% 

Thcbaine 

04% 

Codeine 

03% 

Narceine 

02% 

Ci3^ptopine 

0 08% 

PscLidomorphinc 

0 02% 

Laudanine 

0 01% 

Lanthopine 

0 006% 

Piolopme 

0 

0 

0 

Codamine 

0 002% 

Tiitopine 

0 0015% 

Laudanosine 

0 0008% 

Meconic acid 

4 7 o 

Lactic acid 

12% 

Mecomne 

03% 


-C,,R,,NO,iOC}l,), 


= C, 3 H,,N 0 ,( 0 CH 3 ), 

= C,oH,,NO,(OCH 3 ), 
= C3„H.,N0,(0CH3)3 

= C.,H.3N03(0CH3) 
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I. morphine. 

Morphine, as wc have already seen (the Introduction), is 
the first basic compound which was obtained from the plant 
kingdom. It was isolated in 1806 by Serturner, ‘ its composition, 
which was determined by Laurent,^ coi responds to the loinuila 

CiyHiijNOs 

Ot all the opium alkaloids morphine occuis in the laigcst 
quantities (as high as 23% in some specimens) It has also 
been found in some other plants, such as Argeuwne vicxicana L 
(family of the Papaveracea:) and in wild Ameiican hops {HitmiUiis 
In pul us L , family ot the Uriicacecc) ^ 

Moiphme crystallizes from alcohol in piisms which contain 
a molecule of water It melts with decomposition at about 2^7°. 
It is \eiy little soluble in water, ether, benzol, and chloioform, 
but somewhat readily soluble in alcohol Its solutions aic licvo- 
lotatory and are alkaline in reaction. It is bitter in taste and 
acts as a stiong poison. In small doses, on the contrary, its 
action IS sopoiific and soothing 

Moiphme is a tertiaiy base At the same time it is a mon- 
atomic phenol, it dissolves in alkalies to foim salts which contain 
one atom of metal and are decomposed by caibonic acid By 
the action of alkyl halides in the presence of caustic potash, cstcis 
are foimed in which a hydrogen atom is replaced by an alkyl 
radical 

On the other hand, morphine forms diacetyl and dibenzoyl 
derivatives ^ Hence we conclude that the alkaloid possesses two 
hydiOMyls, one of which is a phenol, the othei an alcohol m 
( haracter 

The alcoholic hydroxyl is readily replaced by chloiine 01 
bromine on treatment with phosphorus trihalide Undei the 

^ Serlurner, Trounnsdorff, Journal der PhaniiaciL, 13, r, 234, 14, 1,47, 20, 99 

^ Laurent, Journal dt Pliarniacie, [3] 14, 302 

^ Ladenburg, B 19, 783 

^Beckett and Wright, Soc 27, 1038, 28, 23, 315 Hlssu, \ 222, 203 1 

Merck, Jnhrcsbcndil, 1898 
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action ol tin and hydrochloiic acid, the haloid deinativc is ic- 
duced lo dcsoxymoypJiine, CiyHi^NOo AVhen waimed with 
water, brommorphine is converted into the h}drobromide of 
isomorphnu\ an isomer oi inoiplunc ^ 

Ci^Hi.NO.Bi+HsO— HBr 

The free base melts at 246-247°, it is much more strongly 
Irevoiotatoiy than moiphinc Fiom this reaction thcie have also 
been obtained small quantities of a second isomci, ^-2SOuior- 
pjiuic 

]\Ioiphine is quite leadily oxidized, even in the cold it leduces 
gold and sih^ei salts, as well as iodic acid. In alkaline solution 
It IS oxidized b) the oxygen of the an, oxidation is also etiecled 
by nitious acid, p(jtassium peimanganatc, potassium feiiic^anide, 
an ammoniacal copper solution, 01 by clectrol\tJC decomposition 

In all these reactions theie is lormed a non -poisonous sub- 
stance soluble 111 alkalies which has been studied by seveial 
investigators under the names of oxynio} phinc\ oxydimoi piimc, 
and dchvdiomorplinic^ Hess(* ' showed that the com[)oiind is 
identical iMth the pscudojuof p/inie found m opium (page 282) 
Its composition, which for a long time was unsettled, is to be 
lepiesented accoidmg to the investigations ol Polstorli as 
CjiHjijNoO,, 01 (Ci7Hit,N03)2 Accoidingly the action of weak 
oxidizing agents on moiphine takes place as follows 

2C,7H,,NOThO — (C.,I-T,,N0,)2H-H,0 

Morphine PsLudurnorphinp 

By stronger oxidation with dilute nitnc acid morphine yields a 
dibasic acid ot the loimula This is converted by 

fuming nitric acid into piciic acid 


Sclin'ver and Lees, Pioc So( , 16, 143, 17, 54, Soc 77, 1024, 79, 563 
® ScluuzLnbcrger, B 1 [2], 4, 176 Mayer, B 4, 121 Nadler, B 1 [2], 21, 326 
Polbloifi, B 13, S6, etc , 19, 

MU-.se, A 141, S7, Suppl 8, 267 
Chasiaing, C i 94, 44 
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Fused with caustic potash, murpliinc, according to Baith and 
Weidel,® gives use to piotocatechuic acid 

Wlien the alkaloid is heated with concentrated hydiocliloric 
acid, methyl chloiide is not liberated, conseciucntly moiphmc 
does not contain a methoxyl group A ';/-meth}l gioup, how- 
ever, was found by Herzig and Me3ei 

Acids such as sulphuric, hydrochloric, phosphoiic, and oxalic, 
the alkalies, and zinc chloride have a twofold action on moiphine ** 
In one case they eftect condensation {!) imof phnic, lelramoi pliine)^ 
in anothei dehydration in accordance with the equation 

C,7H,7N0, + HA 

The product of the latter reaction, q pomorpliine, is an amor- 
phous base, easily oxidized, little soluble in water but soluble in 
alcohol, ether, and chloiotoim In its physiological pioperties 
it lb quite difteient trom morphine, it no longei acts as a nai colic 
but as a stiong emetic 

The constitution of morphine is discussed under codeine 


2. Codeine. 

Codeine w^as isolated fiom opium m 1892 by Robiquet 
It is found in much smaller quantities than moi[)hine (o 2-0 8%) 
Its formula was determined by Gerhaidt in 1843 C.sITiNO^ 
Codeine ciystallizes either wnth one molecule of wxalei oi in the 
anhydious condition and melts at 155°, it is little soluble in 
w^ater, but leadily soluble in alcohol, chloiofoim, and cthei, in 
alkalies it is almost insoluble It is a tertiary base, its solutions 


® Barth and W^eidcl, M 4, 700 
‘“Herzig and Mever, M 18, 379 

" Maitlucsscn and Wright, A SuppI 17, 172, 364 Wright, Soe 25, 633 
Mover, B 4, 121 Mayer and Wright, Soc 26, 215, 1082 Beckett and Wright, 
Sor 28, 6 qS 

‘‘ Danckwortt, A Pharm 228, 572 
'’Rdbiquet, A ch [2], 51, 250, A 5, 106 
Gcihardt, A ch [3], 7, 253 
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are alkaline in icacUun, bittci in taste, and optically ke\orotalory 
In ph) biological behavioi codeine closely lesenibles moiphine, 
indeed, il stands in close chemical relation to the lattei, foiming 
as it docs a highei homologue 

Codeine possesses but one hydioxyl gioup, on treatment 
with acetyl chloudc there is toimcd a monacct\l dern^atived"’ 
B)' the method of Zeisel it can be shown that the molecule con- 
tains a metho.x}'! gioup 

With halogens, nitric acid, etc., codeine like aromatic deiiva- 
ti\cs fields substitution-products,^^ indeed, in Us leactions it is 
not unlike dimctlnlanilme Thus with nitioso-dimethylaniline 
It yields a violet dyestutf, which appeals to belong to the class of 
the indamincs,^® with formaldehyde it gives a condensation- 
pioduct, dicodcylmethaur, CH>(Ci J-l2oNOj)>, with the same case 
with which foimaldehydc condenses with dimelhylaniline to 
foim tetiamcthyl-diamidodiphenvlmethane, CH2[CfiHrjN(CH^),], 
These leactioiis seem to indicate that the nitrogen atom m codeine 
is diicctly attached to a benzol nucleus 

With phos[)honis tribiomide codeine yields biomcodeine, 
When wainicd with watci, this deiivative 
IS conveited into the hydiobiomide of isocodciiH, 

(0CH3)N HBr This formation of an isomeric codeine is com- 
pletely analogous to the conveision of moiphine into isoinorphine 
(page 267) 

When codeine is treated with mild oxidizing agents it docs not 
yield a dci native analogous to pseudomorphinc Vongerichtcn^'’ 
explains this by considenng that the foimation of pseudomorphme 
tiom moiphine is conditioned on the fiee phen()l-h3'^dro\yl present 
m the alkaloid, wheicas in codeine this hydioxyl is alkylated 

Dilute sulphuric acid converts codeine into an isomei, psciido- 
(odrnie, a laevoiotatoiy base which melts at 180°-^^ 

‘^Wright, Soc 27, 10^ i 

and Me3C‘r, M 15, 613 
'Vridtrson, A 77, 3-|i 

CazciiLUvp, BI [si, 5, 857, C r T12, 805 
Vongorichten, A 294, 206 

Merck, A Phanw 329, iGi Schmidt and Gohtjch, A Pharni 231, 235 
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On treatment with dchydialing agents (zinc chlondc, sulphuric, 
o\alic, phosphoric acids, etc ) the alkaloid l)cha\es like moiphine, 
It eithti forms various condensation-jiioducls {ditodcinc, liKodcmc, 
tclracodciiic),'^ 01 by loss ot water is con\eited into apocodaiic, 

The general behavior of codeine, indeed, most closely resembles 
that oi moiphine, and we know to day that these tw'o alkaloids 
are quite nearly related to each othei, codeine being the monO' 
meth}l ester of morphine, betw^een them obtains the same simple 
relation that is found betw^^en anisol and phenol 

Morphine, C,,H,,NO(OU)„ 

Codeine, C,7Hi7NO(OH)(OCH3). 

This close relation ot the tw^o alkaloids w'-as showai to be 
probable by the work of Matthiessen and Wright in rSbg 
These investigatois, having subjected codeine to the action ot 
concentrated hydrochloric* acid at a tempeiatuie of 100°, obtained 
a chlor-dernativc which they called clilouodidc: 

+ HCl C,,H 3 ,^C 1 N 0 , -pH^O. 

Codeine Chlorcudide 

This denvalive crystallizes in leaflets melting at 148° On 
being healed mth hydiochlonc acid to 150°, it is decomposed 
into methyl clilonde and apotiio} p/iiiic 

Ci,H„„ClNO,-. C,.H„NO, + CH3a 

Chlorcudide Apomorphine 

According to the above formuhe we see that the action of 
the hydrochloric acid is to remo\’c tiom codeine a methyl group 
and a molecule of water Thus this decomposition of' codeine 
yields the same product as is derived cliiccth by the dehydiation 
of morphine Consequently we may assume that moipliine and 

Wright, Soc 25, 

MatthiCiibcn and Wright, A 158, 1:^1 

Matthiesbcn and Wright, A Suppf 7, 364 
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codeine diKei only in this, that one of the hydioxylsof the lormei 
IS in the latlei leplaced by a methoxyl gioup 

Thib Mew was hilly confirmed by the leady conversion of 
moiphine into codeine, which was fiist eMccted In Giimaux in 
r88i This wms bi ought about by heating moiphme wnth methyl 
iodide and caustic potash 01 sodium meth\late 

C,7H,7NO(OH)>-hCH3r + KOH — 

Morphine 

C „N O ( O H) (OCH3) + Kin- H.O 

C« xJi I lie 


The same leaclion takes place wTcn an alcoholic mor[)hine 
sohilion is healed loi tw^o houis w'lth potassium methyl sulphate 
with the addition ol some alkali The [)otassium methyl sul- 
phate may he icplaccd by the neuLial dimethyl sulphate Moi- 
phme may also becomeitcd into codeine b) the action of diazo- 
methanc 

CnH,-NO(OH),TCITN,-> C,,U,,'NO(OE)(OCU,) + N, 

Morplnne Dia^umcthariL Codeine 


The difleient nuthods of picpaiing codeine and the almost 
complete insolubility ol the alkaloid in alkalies show^ that ol the 
tw^o h3dio\yl gioups ol moi[)hine it is the phenol hydiox^d w'hich 
has been alk}laled 

just as codeine isobtaiiK'd fioin moi{)hme, so we may intioduce 
the eth}! gioiip to foim codclliylinc^ Ci7Hi7NO(OH)(OC2Hrj 
This melts at 83° and like codeine is \ery [loisonous 

As we sec tiom the pie\ious consideiations, moi[)hinc and 
codeine possess the common atomic giouping C17H17NO The 
study of this complex has engaged the attention of niimeioiis in- 


Knoll, D R P S0SS7 ( \ugust 7, 1SS6) 

"HlLrck, D R P 10 ’6^,4 (Ma) rSyS) 

Caver, D R P 92781) (July g, 1896) BaL3er, D R P 95644 (April 13, 
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vestigators We aie paiticulaiiy indebted to VongenchU'n 
and Knorr for the knowledge which we have regarding the 
molecule of these alkaloids 

The starting-point for investigations in this direction was an 
impoitant observation made by Vongeiichten and Schiottei in 
iSSi By the distillation of moiphinc o\ci zinc-dust they 
obtained as the chief product phmanlJu cue, in the same leaction 
there are also foimed ammonia, trimeth} lamme, p}iiol, pyridine, 
a little quinoline (Oj Base of the foimula wTich 

has received the name wopludnic and W'hich has now' ])tvn 
show'n to be a mixture ot tw^o bases, and C,J-IuN 

According to this observation, moiphme appealed to be 
a deinatn'c ot jdienanthiene It w^as iiecessai\, howxwei, to 
secure a fuithcr conhrmation of this lesult thiough reactions 
which take place at a lower tcmpciature, since distillation wath 
zinc-dust IS a pyiogcnctic process, wdiich not only cMects decom- 
position but w’hich often also leads to unexpected s}ntheses, 
thus guing rise to new secondaiy piochicts 

Vongeiichten and vSrhrotter had rccouise to Hofmann’s piocess 
of cvhaustnc methylation fpage 29) They apiilied this, how^- 
e\ci, not to morphine itself, but to its monometh}! dei native, 
codeine On distillation codeine methyl hychoxide }ields, as 
Grimaux had aheady shown, a tcrliaiy base, methylcodcine, 
later called by Hesse mclhyluioi pJiimcthuic 

(0H)(CH30)C.,H.,0=N^g^3 

Cudeine metiiyl hydroxide 

(0H)(CH30)Ci,H.„0=N-CH3+H,0 

MeLh\ Imnrphiniethinc 

Vongencliten and Schroitcr, B 15, 1484, \ 210, 396 Gnmaux, C r 

03» 5*^^ Hesse, X 222, 203 Fischrr and VongericlUen, B ig, 792 Skranp 
and W icgmann, M 10, lor, 732 Pschurr and Sumiileanu, B 33, iSio Pschorr 
and Jacckel, 35. 4377 Ps( horr and Scvdcl, B 35, 4400 Vongcrichten and 
Mulltr, B 36, 1590 

VongenJiten, B 2p, 65, 30, 2+3Q, 31, 51, 2024. ^198. 32, 1521, 33, 3^2, 
1S24, 34, 767, 1162, 2722, 35, 4410 

Knorr, B 22, iSi, 1113, 27, rr|4, 30, gro, 91S, 31, 1071, 32, 7:;6, 7j2, 
36, 3°74. A 301, I, 307, 171 knurr and Smiles, B 35, 3009 knurr and 
Hawthorne, B 35, 3010 knorr and Acli, B 36, 3067 
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Methylmorphimethme is a crystalline body which melts at 
1185° and IS Inivoiotatory It still contains the h}dio^yl gioup 
ol codeine, since it forms a monacetyl dein'ative Physio- 
logically It has no action either as a sedatne or a hypnotic 
Methylmoiphimcthinc has now become an essential stailmg- 
point lor the iincstigation of moiphine and codeine When it 
is heated with hydiochloric acid or acetic anhydride, it is decom- 
posed into two substances, one only of which contains nitrogen; 

CH,0/^nH.„0=N-CH3-* 

(C„H„NO,) 

McLliylrnurpliimeLhine 

+ H0-C,H,-N(CH,)3 
(C.,H,,0,) (C,Hj,NO) 

Mtih vlJiuvy- DiniLth^ l(j\yetl'i\ lamine 

pheriiinth rene 


The nitiugen-frcc decomposiLion product was studied caie- 
fully by Vongeiichtcn, the othei, the bnsic-pioduci, by Knoir 
We shall now discuss these two dcrnatives in oidci 

The first, is a phenol and horn its composition 

and gencial pioperties, as also by its resolution into phenanthicne, 
lb shown to be a monomcihyl clhcr oj dio\:yplicnanilu cnc The 
flee rlioxyphenanlhicnc, Ci,HioO,, has received the name ol 
inof pliol 

This moiphol fuithcr shows itb relation to phenanthrene 
by Its oxidation with chiomic acid to a (Iioxyphoumthraquuione 
{mo} phol qiiinonc), Ci,HgOi (led (lakes) 

In this convcision to a quinonc, the two hydioxyls of moiphol 
aic unaficcLcd This shows that they ate not attached to the 
adjacent caibon atoms of the phenanthrene nucleus 

It can be shown luithei that both the hydioxyls are in one 
ring, since oxidation with potassium permanganate conveits 
morphol quinone into phthalic acid 


C,H, CH CO 


CoH, COOH 


CJ-LCOH), -CH 

Morphol 


cj-i,(on) — CO 

MurpIioJ quinonc 


coori 

Phthalic acid 
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Morphol IS 

OH OH 



Morphol 


The ortho-position of the two hydroxyls with reference to 
each other is suggested by the foinialion of prolocatechiiic 
acid, when morphine is fused with caustic potash It is indicated 
stiongly m the bchavioi ol morphol as a clyestuft Vongeiichlen 
called attention to this behavioi in an intciestmg way Moiphol 
colors mordanted fibres, while its methyl ether is without dyeing 
properties In connection with this behavior Vongeiichten 
noted an obseivation which Liebcimann and von Kostanecki 
had made, that only those o\y-dcri\'ativ es of anthiaqumone color 
moidanted fibres which hav^e lico free hydroxyls in an oitho- 
position, and indeed in a position as near as possible to the chiomo- 
phoric nucleus (alizarine jiosition) 

This strongly piesumptiv'e evidence has fortunately })ee!i 
full}' confirmed by the direct synthesis of morphol and some of 
Us derivatives 

From the condensation of 2-111 trovanillm methyl ethei and 
the sodium salt of phenylacetic acid (Pei kin’s reaction), Pschoir 
and Sumulcanu obtained a^-phen) l-2-nitro-3,4 dimethox) cin- 
namic acid When successively leduced and diazotized, this 
acid may be converted into 3,4-dimetho\} phenanthiene-g-cai- 
boxylic acid, which, on distillation, yields carbon dioxide and 
3 ,4-t// niclliox y plienanilu cne 



OCH3 

n Nitro\ anillin mefh'vl elh( r 

Licbcrmann anrl von Kostam rki, V 
26, 1575 von koi>tanecLi, B 20, 3146 
Pschorr and Sumulcanu, B 33, iSi' 


CH.— COOH 



Phenylacetic acid 


■ 240 > 245 Licbcrmann, B 21, 2502, 
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<v-Plienyl- 2 -nitio-^, 4 -dimeLhoxy- 
(.iiinainic ^cid 


CH 

/ \ 

/\ / "C— COOH 

/ \/ 1 


CH3O— I n,oh 


h/\ 


OCH„ 



3,4-DiriKt lio\vphciiantliri,nL-g- 3,4'Dimetho\\'phen intlirerie 

caibo' \ Ul aLid 


3,4-Dimelh(Ayphenanlliicne proved to be identical vith 
d 1 methyl mo iphol pie[)ared by Vongenchten fiom mcthylmoiphol, 
the decom[josiLion-prodLicl of codeine 

The position ol the methyl gioup in melhylmorphol remains 
to be detei mined This has leccntly been ctiected by Pschon 
and Vogtheri through a series of icactions similar to the above 
Stalling with 2-nitioisovanillin they obtained 3-metho\y-4- 
oxyphenanthicne-Q'Caiboxylic acid, ‘which oxidation with chromic 
acid in a solution ol glacial acetic acid converted into 3-methoxy~ 
4.>-acetoxy-phenaaLhiaquinune (melting-point 205-206'^) 



3-MLthovv 4 ()\\ pi'll. natithrene- 
g carbowhi 'll id 


CO 


CH3O— ! 


CHXO O 



I Mt Uic)\v j- 

acett IX vitlK nanLhi atuiiiinne 


This last deiivative is identical with acetyl- mcthylmorphol 
qumonc, Avhich Vongenchten had earlier prepaicd from 


Pbrliorr and Vogtherr, B 35, 44 u 
Vongonchten, B 31, 52 
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inethylmorpliol. Methylniorphol is consequently '^Auclhoxy-a^- 
o\y phenantlirene: 


OPr ocHj 



MeLhylmorphol 


The isomeric 3-oxy-4-metho\yphenanthicnc has been synlhe- 
sized, it differs in its pioperties tiom methylmoiphol. 

Moiphol IS not the only nitiogen-tiec decomiiosition-piodiict 
of moi[)hine and codcuic that contains the phcnanthienc nucleus. 
I’lom nicthylmor[)himcthine there may be obtained the dciiva- 
tive moi pimiol, which difleis fiom moiphol by possess 

ing two hydrogen atoms less, but otheniisc quite closely lesembles 
the latter derivative, reduction, indeed, conierts niorphenol inlo 
moiphol 

To prepare morphenol, methjlmorphimethine is heated with 
acetic anhydride About one-half the base expciicnces the 
decomposition already mentioned (page 273) into o\ymetho\y- 
phenanthrene and dimethylovyethylamiiie, the lemaindci, how- 
eier, is not decomposed, but undergoes a moleculai leaiiange- 
ment, being converted into a steieoisomeiic deiivatne This 
new derivative, (i-incthyhnorpJumcthtnc, 13 amoiphous, devtio- 
rotatory, m its physiological action similar to the original substance, 
a'-metli3dmorphimethine 

The methyl hydroxide of ^S-metlijlmoiplnmelhine on being 
heated sufteis decomposition into tiiniethylamine and the mclhyl 
clher oj mot phenol, from which morphenol itscll may be dnectly 
piepared 

Morphenol crystallizes 111 needles, melts at 145°, and is leadily 
soluble in alcohol and ethei, as also in sodium hjdioxide 

The substance interests us in particulai, sinee it is the de- 
composition-product of morphine and codeine which on distilla- 
tion with zme-dust is readily coni'eited into phcnanthienc and 
theieby indicates that these alkaloids aie derivatives of this 
h 3 drocarbon. The constitution of morphenol must be quite 
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Similar to that of moiphol, since, as we have shown above, it 
IS con\eited inLo the laltci by leduction 

C,,H, 0 ( 0 H) + 2H 

We may then extend to moiphenol the constitutional formula 
of moiphol Vongcrichtcn considers that the following formula 
best expiesses the constitution oi morphenol 




Mftrplu'nul 


OH 


In addition to the two methylmorphimethines mentioned 
above, theie appear to be two other isomers, and rJ-mcthvl- 
moiphiinethme These aie obtained from isocodeine in 
much the same way that the a- and /?-dcrivatives aie foimed 
fiom codeine Isocodiunc in tuin is deiived from codeine by 
tieatmcnt of the latlci with phosphorus tnbiomidc and subse- 
quent decomposition of the brom-denvalive with watei 

We now tuin to the consideration ot the nitiogenous decom- 
posilion-pioduct, which is foimed by heating methylmurphi- 
methinc with acetic anhydride and w^hich has the formula 
CJi,,NO (pag(‘ 273) 

Of these foui caibon atoms two at least must be united to 
the nitrogen and one of these must be a methyl giou]) The 
piesence ol the methyl gioup is naturally shown from the deiiva- 
tion ot the base A meth)l group w^as added to melhylmoiphi- 
methinc in its foimation fiom codeine, furtheiniore, codeine 
itself possesses a 7Mncthyl gioup This last is shown by the 
diiect dctcimination of the //-methyl group in moiphinc and 
codeine by the method of Heizig and INIcyei,^"’ il follow^ also 
fiom the splitting off of methylamine when morphine is heated 

S(.hry^Lr and Lees, Soc 79, 563 Knorr and Hawthorne, B 35, 3010 
HcP/iip; and Mcyei M 10, iot 
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With a very concentrated solution of caustic potasli,^^ and like- 
wise from the elimination ot trimethylamme when the meth}i 
hydi oxide of methylmorphimelhine is heated 

The complete deteimination ot the constitution ot the base 
C4H11NO was made by Knori He tound that this base was 
identical with one already prepared by Ladenbuig by the action 
of chlorhydrin on dimethylamme. This o\,yeUiyldnnclhylamLne 
13 a liquid boiling at 128°, and is lepresented by the formula 

CH.OH 

I 

CH2N(CH3)3. 

By the action of methyl iodide the morphine base is converted 
into the hydriodide of choline. 

CH,OH 

CH.N(CH3)3L 

This affords additional confirmation of the accepted constitution 
From the formation ot oxyethyldimethylamine Knorr con- 
cludes that morphine contains an o^azinc ring 

O 

c/\c 

c^/Jc 

N 


The basal substance corresponding with this conception, 


he calls morpholine 


O 



NH 


CH, 

CHj 


Wertheim, \ 37, 210 
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Morpholine is the inner anhydride of diclhanol-amine: 


HO OH 

I I 

H.C CH, 


H,C 

■\ 



NH 


Di<,thT.nol amine 


The latter substance is obtained by adding ethylene oxide to 
concenliated ammonia, and is converted into moipholine on 
being heated for eight hours at 160-170*^ with 70% sulphuric 
acid 

Moipholine, CiH,,NO, is an oil which boils at 128-130*^; 
It IS stiongly basic, and in odoi and gcncial behavioi closely 
resembles piperidine 

Like moipholine, methylmoriiholinc, CjHyON — CH3, may be 
formed by dehydrating diclhanol-mclhylaminc^ 

OHCH— CH— NCH— CH3— CLLOH 


Several other methods have been proposed for the synthesis 
of moipholine and its deiivativcs 

Moiphine and codeine thus appeal to be ring s3''stems con- 
taining the phenanlhrene complex in connection with a moipho- 
hne 01 moipholinc-like ling 

Knon attempted to synthesize such ring systems in vaiious 
ways From o\yethyl-^?-amidophenol he prepared phenmorpho- 
lini% a coloiless oil boiling at 268° 


—OH 

— NHCHXHaOH 

Ox ve th y 1 -o -am I n ophen ol 


o 



NH 

Phenmorpholine 



Ceviral-Blatl, IQOI, I, 97S, 1074 IMarckwald and Chain, B 34, 1157 
Sand, B 34, 2906 
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By condensation of tclrahydronaphlhalcnc clilorhydiin with 
ethanol annne, NH^CH^CHsOH, there was obtained naphlhalane 
vioi pliolinc, 

CHo CH« O 

/\ /\ __ 


Y\/chci 

CH. 

TetrahvdronaphthalLne chloihydnn 


CH, NH 

Naplithalane morpli(»lint. 


This derivative loims ciystals which melt at 62-63°, it boils 
at 312° The ?Milkyl deiivatives of naphthalane mor[)ho- 
line m their physiological action closely lesemble moiphine 
ethyl iiaplillialanc moi pliohne is of paiticular interest, since 
its meth}l hydroMcle when heated is decomposed into naphthalene 
and elhanol-dimcthylainme In this behavior it is ([iiite like 
codeine, whose decomposition into methvldioxyphenanthiene and 
ethanol-dimethylammc formed the staiLing-point of these con 
siderations (page 273). The following formuk'e make clear 
these reactions 




C,oH,(H,)< 


MethylnaplVhalane 

moipliuline 




C„H8(W CH, 

CH, 

N(CH,), 

Dih\dro )S-naphthol ether 
(jt rthanul-JimeLhylamjne 


C.oHa + CH, 


NaplUhaltine 


N(CH,), 

Fthnnol-di 

meth\lainine 


/°\CH, 


>C„H,(H) 


CH, 

I ■ 

N(CH,), 


Methvlmorphimethine 



OH 

1 

CH,. 

>C.,H, 

OH-^ 

1 

CH, 

+ 1 ‘ 

CH„ 

Methvldiow- 

1 

phananthrene 

Ethanol- 

dimcthvlamme 
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Tliu close lelation belween codeine and thebaine recently- 
shown b) Knou ihiowb some light on the mannei in which the 
Lthanol-mctlndamine comple\ is attached to the phenanthiene 
ling in tile loimci ut llicse idkaloids 

Codeine mat be oxidiaed to a ketone, iodciiioiic 

L\„H„N0,+ 0 -> C.,H.„N0, + H,0 

Codeine Ci iiJeinuiii- 


LjLc thcbaiiK^ 28^:;) codcinonc heaLcrl with dilute 

Indiochloiic acid 3icl(Is Ihcbciinic and with fuming hydiochloiic 
acid ioinib nio) pholhchai}ie 

OnUcaUiunL with acetic anhydiidc codeinone is deimnpnsed 
into cthanol-ineth} lamine and 3 mct]io\y-L\fi'(ho\y plicuaiilliycnc. 


on on 0CII3 



3-Mei how - 1 ,(t dt(j\\’phenant.hrLne 


a substance closely 1 elated to thebaol (page 285) 

Codeine is accoidingly a dciivative ot 3,4,6-ti loxyplienanthrene. 
Taking into consideration both the work ol Knori and that 
ol Vongciichicn, we may pio\ isionally repiesenl morphine and 
codeine by the following foimulte 



Morphine 


CH 



\ch and Knorr, B 36, 30^7 knurr, B 36, 3074 
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According to Pschorr, Jaeckel, and Feclit^^ the constitution 
of apomorphine (page 268) may possibly be represented by 
the formula 



Apomorphine 


This, however, is not in accuid with the preceding loimul^e 
lor morphine and codeine 

They have shown that apomoiphiiie may be obtained as a 
^crystalline derivative, that it contains two hydroxyls (dibcnzoyl 
deri\ative), that the tertiary nitrogen somewhat readily assumes 
a secondary condition, piobably due to the iiiptuie of the nitrog- 
enous ring (tiiacetyl and tiibenzuyl deiivatives) On exhaus- 
tive methylation the base is decomposed into tnmcthylamine 
and a nitrogen-free unsaturated dciivalivc of phenanthrene 

3. PSEUDOMORPHTNE. 

This alkaloid was obtained fiom opium by Pelletier and 
Thiboumery in 1835 Hesse assigned to it at hist the formula 
Ci7?IinNO, and showed its identit\ with the deiivalive which 
had been prepared by Schutzenbergci by the moderate oxidation 
of morphine Polstoitf showed lalei that the composition of 
pseudomoiphme is le, (CiyHigNOa)^, a coirection 

which w^as accepted by Hesse 

Pseudomoiphme crystallizes in leaflets which on being heated 
decompose without melting, it is insoluble 111 watci, alcohol, 
ether, and the alkali carbonates, but soluble in caustic alkalies; 
it IS knevorotatory and non-poisonous It is a weak base, biter- 

Pschorr, Jaeckel, and Fecht, B 35, 4377 

Pelletier and Thiboumery, Journal dc Pharmaciej [2] 21, 569, A 16, 49. 

■" Hesse, A 141, 87, Suppl 8, 267 

PuIstorlT, B 19, 1760 

Hesse, X 235, 229 
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tiaiy in character Its molecule contains foiii hvdio\yl gioups 
as Danckwortt has shown by the piepaiation ot a teha-acetyl 
den vatn c, C3iH3jN/3(,(C^H^O) t 

Fiom its mode of formation by the o\.Klation ot moiphmc, 
liseudomoiphine may be legaided as a pioduct icsultmg tiom 
the condensation of two molecules of moiphine with the loss of 
two atoms of hydrogen 

2Ci7H,oNO, + 0— (C,7H,3N0,)3 + H,0. 

As yet, howevei, it has not been found possible to icconvert 
pseudomoiphinc into moiphine by leduclion 


4. Thebaine. 


Thcbainc, or paramo'i phinc, was discoveied by Pelletier and 
Thiboumeiy m 1S35 In composition it coiicsponcK to the 
foimiila C10H21NO3 It ciyslaliizcs fiom alcohol in thin leaflets 
which melt at it is levoiotatoiy, insoluble m water and 

alkalies, litllc soluble in cthei, but leadily soluble in alcohol, 
chlorofoim, and benzol, it is a powxulul tetanic poison 

Thebaine is a tertiaiy base, it contains no hydioxyl group, 
since it IS unaffected by both acetic anhydride and phosphoius 
pcntachloridc On the other hand, How'aid has show'n that 
It possesses two methoxyl groups, heated w'lth concentrated 
h3'diochloiic acid, two molecules ot methyl chloride are eliminated 
and Iheic is obtained the derivative morphoihebainc^ Ci7Hi7NO^, 


C,7H.,N0 


/OH 

\OH 


This w^as later regarded by Fieuncl as Ci^HioNOg, 


C,7H,,N0< 


/OH 


\OCH, 


Eanrkwortl, X Pluirm 228, 572 
Hesse, A 153, 47 
■‘^Houard, B 17, :;27, 19, 1596 
Freund, B 32, lOS 
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jMoiphoihebame ciystallizcs fioni benzol in plates wlneh 
melt at 190-191°, it is a teitiary base, w(‘aLl\ poisonous, insolubie 
in alcohol and plhei, little soluble in \\atei, but leadilv siduble 
in alkalies 

Dilulc h\drochloiic acid conveils ihebaine into an anioiphous 
deri\ati\e, which is easih oxidized in the an and is soluble in 
alkalies 

Hesse, who fiist obtained this bodv, called it ll>chciiiiir 
and consideied it as an isomei of thebaine Fieund and his 
students later in\estigated thebenine and tound that its com 
position is CisHioNOj, that it contains a methoxyl and a h^'dlo\^l 
gioup and that it is a secondaiy base 

Distillation of thebenine with zinc-dust gives use to 
and a base, thchcuidincy 

On distilling the meth\l liydioxide of thebaine, HowMid 
thought that he had obtained tiimeth} lannnc and a deiivati\c 
of [ihenanthienc, CnHiOa Fieund, on lepeating Flow'aid’s 
experiment, showa^d that not trimethylamine w'as obtained, but 
tcl}ainc(Jiyl cihylcuc diamnic^ a compound of neaily the same 
peicentage composition 

(CH3),=N-CH™CH-N=(CHd, 

The formuke of thebaine and thebenine may then be icpie- 
sented as tollows 

(CH30).C,„H,.0NCH3 (CH,0)(0H)C,„H„0NHCH3 

ThebaiHL TlirbLiiinu 

The expeiiment showing definitely a constitutional lelation of 
thebaine to moiphine and codeine is the action ot acetic anh}diide 
on the meth\ 1 iodide ot thebaine in thi' })ieseiice of s]]\'ei ace 
tate Thebaine is thus decomposed into a nitiogen-fiee com- 
pound, w'hich pio\'es to be the acetal deii\ati\'e 

Hlssl, a 153, ^7 

Fn und and Gob( 1, B 28, q4i Freund and Michaels, B 30, 1357 Freund 
and Hullhof, B 32, 168 

Vongenchten, B 34, 767 
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of a phenol, llichao!, and inlo a nitrogenous base, 

C|H, ,NO, which IS identical with the dnnclliyloxyctliylamrue, 
(CH,),,N— CH,— CHo— OH, obtained tiom moiphine and codeine 
(page 27,^) 

It thebaine itsell is ticated with acetic anhydiiclc, theie aie 
formed the acetyl deiivatne ol thebaol and mclliyloxyciliylaiiune, 
CH3HN— CH-CH,OH 

(CH 30 ).C,„H,, 0 NCH 3 +H ,0 - 

Thebalnt- 

(CH^OIoChH-OH + HOC,H .NHCH^ 

Th( baol Mcihvlowellivflamine 

Thebaol (ciystals melting at Q4°) is a phenanthienc deiivative; 
on diitillation with zinc-dust il yields this hydiocaibon Thebaol 
contains one hydiox)! and two methoxyl giou[)S 

Oxidation with chiomic acid conveits it into thebaol qiinionc, 
(CH(0)_5=C,iH 502 — OH, a deiivalive stnkingl\ similai to phen- 
anthiaqiiinonc On fiiither oxidation witli potassium pei- 
manganate, thebaol quinone yields 0 nicLhoxy phlhahc acid, 
'“/OCH, 

CjjH^^COOH, a result which indicates that the two methoxyl 
\C 00 H 

gioups aic not in one iing 

Thebaol is o'\y 3,6 duncthoxyphcnanihmic: 



Thcbaul 


Its constitution is dcfinitclc established by the synthesis of 
thebaol quinone from 2-nitioisovanilhn and the sodium salt of 
^-inethovyphenylacctic acid Ihiough a senes of reactions such 
as were employed in the synthesis of methyhnoi phol quinone 
(page 275) 


Pschorr, Seydel, and Stolirer, B 35, 4400 
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The general behavior of thcbainc thus leads us to believe 
that it 15 not unlike morphine and codeine in constitution The 
two latter alkaloids are appaiently dciivatives ot a tetiahydro- 


phenanlhrene, tliel-)aine, however, 
ative of a dihydrophenanLhrene, 

must be legauled as a dciiV' 

/\h. 

OH\ / 1 * 

CH3O/ in, 

/\ 

CH3O/ 

1 

CH3 

Codeine 

1 

CH3 

Tliebalne 

Pschorr piovjsionaliy assigns to thebainc the following formula: 

/\/ 

\ 



H,C— 0 
■| 

H„C— N— HC 

\/™ 


I C— OCH3 

CH3 


ThLbaine 


5. Papaverine, 

Papaverine was isolated by Merck ” in 1848 and its empirical 
formula determined as C2„H,,N(3, It crystallizes from benzol, 
or from a mivture of alcohol and ether, in piisms which melt at 
147°, It IS insoluble m water and alkalies, little soluble m alcohol, 
ether, and benzol, but somewhat more soluble m chloioform 
Papaverine is a weak tertiary base without action on litmus, 
it IS optically inactive Its naicotic properties are quite feeble 


Merck, \ 66, rJ5, 72, 50 
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The constitution of thib alkaloid was determined by the 
impoitant investigations of Goldschmiedt,"^^ which wcie published 
in the veais 18S3-1889 Papaverine was shown to be a den\a-' 
ti\e ot isoqumoliuc — a result of considerable importance, since 
up to that time this iing had not been detected in any natuial 
alkaloid 

The following considerations led to the establishing of the 
constitution of pa[)aveune 

1 Heated with h}diiodic acid, papaverine yields four mole- 
cules of methyl iodide and a body of the iormula CmHigNO.!, 
papavcrolincj which is solulde in alkalies and easily oxidized. 
Papavciine, conscqucntl} , contains four methoxyl groups 

By caiefiil sa|)onification ot papaverine one and two methyl 
groups may be eliminated, thus giving rise to tri- and di-methyl- 
papa\erohnc 

2 When papa\'enne is heated with very concentrated hydio- 
chlonc acid to 130°, it is decomposed, foiming methyl chloiidc 
and homopyiocatechin, C,jHjCH^(i)(OH)j(j,|) 

3 On fusion with alkali, it yields a nitrogenous derivative, 
CiiHjiNOm dnncllioxylisoqunwiiiic, 

N — OCH3 

and the nitrogen-free dimethylhomo py) ocakchni, 

(.OCH, 

y-ocH, 

This last reaction is of particular interest. 

In the fusion with alkali iheie aic loimccl, in addition to 
dimethylhomopyiocatechin, the decomposition- and oxidation- 

Goldsrhnnedl, M 4 , 71 I, 6 , 372, bby, i)SA, 7 . 4 ^ 5 ^ S, 510, 9, |2, 327, 349, 
yb2, 77S, TO, i^b, 673, 692, 13, 6q7, 17, 491 

^’Pictet and Kramers, xlrcJi So phys uat Geneve, [4] 15, 121 
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products of the latter. Thus we find homopyrocalcthin^ vcrabic 
acidj and prolotalcLiitiic acid* 



Honiopyrucatechm Ventnc acid Pn itdcaLtichuii- acid 


The piimaiy decomposition piodiicts ot papaveiine aie, 
howevei, diinethoxylisoquinolme and diinelh\ !homo])\ locatcchin 
The foimei of the^c was at first icgaided bv Goldschmiedt 
as a dimcthcxxyquinoline, but its oxidation-pioducts soon showed 
that it was an isocpiinolinc deiuative On oxidation it welds 
two acids, cinehomeionic <icid (page 62) and a dilxisic, dimelh- 
oxvlated acid of the foimula QH2 (OCHt)/COOH)j The 
lattei, which melts at 174-175°, is an isomei ol hcnnpiniL acid 
(page 306) and was called by Goldschmiedt mclahcniipuuc acid 
Melahennpuiic is a dciivativc u): phthalic acid, its constitution 
was established as follows 

The acid readily yields an anhydiide and an imidc, the two 
caiboxyls aic accordingl) in the 01 tho-position 

By fusion with caustic potash, it forms pyiocatechin , this 
indicates that the two methoxyl gioups aic attached to adjacent 
caibon atoms T^Ictaheinipinic must consequently possess one 
of the two following loimula-‘ 


0CH3 


CH3O-, 


j— COOH 

Lcooh 


01 



Metabenijpinic acid 


—COOH 

-COOH 


Now, as we shall show latei, tlie first of these tormu’a^ repre- 
sents hemipimc acid, the oxidation-product of narcotinc, the 
second fonnula must accordingly be assigned to metahemipimc 
acid 
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The base, ChHhNOo, giving rise by oxidation to raetahemi- 
pinic and ancbomeionic acids, 


CH3O— 

CH3O— 



COOH 


COOH 


Metahemipmic aLid 


I-IOOC, 




/ N 

HOOC-^ 

CinchomeniniL acid 


must then be a dimetho^ylisoquuiohnc of the following tormula 


CH3O— 

This behavioi of dimeLho\3liborjuinohne on oxidation is 
C-xactl) analogous to that of isoquinoline, which on like tieatment 
yields phthalic and cinchomeionic acids 

The papavciine molecule is thus loimed by the union of 
dimethoxylisoquinoline, 



with the complex presented by dimethylhomop3Tocate-chm, 

c 

-OCH3 

OCH3 

The mode in which these two gioups arc united has also been 
dctei mined by Goldschmiedt Papa\ ei me possesses foui metho\7l 
gioups, each of the two decomposition-pioducts also contains 
two such groups intact, conse([uently none of the methoxyl 
gioups serves as the connecting link The dimctlpdpyrocatechm 
complex must then be attached to the other either through the 
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carbon atom of the methvl group or thioiigh a like atom ot the 
benzol nudeus The investigations of Konigs and Nef^"^ ia\oi 
the fomier attachment 

AlL which carbon atom of the isoquinolmc complex does the 
union take placed This question is answeied by the behaMor 
of papaverine on oxidation wnth potassium permanganate Theie 
are thus formed in addition to a laige numbei of well-defined 
compounds (veiatnc acid, metahcmipinic acid, metahemi[)ini- 
mide, pQ pave) aid me, C 2 oH],jN 05 , papavnic acid, CiJdijN’Oy) 
n-carbocinchorneronic acid and a monobasic acid, CiJi^NO,, 
which proved to be the a'-carbo\yl derivative of dimethoxyliso- 
quinoline Further oxidation con\crls this last acid into meta- 
hemipinic acid and (x-cailwcinthomciomc acid (page 67) 



I 

COOH 


DimethoxN lisriquintDline 
carbuxyhc acid 


CH3O— j 

CH,0— I 


COOH 

'—COOH 


HetaheiTiipinic acid 


HOOC—Z 
HOOC— ' 


!N 


COOH 
a-Carbocincbomcr. mic 
acid 


It IS L*\ident trom the above that the point of union in the 
isoquinoline complex is the a-carbon atom indicated Tlic 
constitution ot papaveiine and papaverohne may then be toimu- 
lated as follows 



KOnigs and Nef, B 20, 622 
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Of the oxidation-products of papaverine mentioned abo\e 
^ve shall consvdci biicMy papaveialdme and papa\ciic acid 

PapavoaldifiCj CjoHpjNOs, difiers Irom papavenne in possess- 
ing one moie oxygen and two less Ipdiogen atoms It forms 
ciyslals which melt at 210° and aie insoluble in water and alkali 
It leads both with h} dioxylaminc and phenylhydrazine Fused 
with potassium h\ dioxide, il is decomposed into veratiic acid 
and dmietliox}lis(')<iuinoline 

Papavcnc acid^ Cn^HuNOy, ciyslallizes with one molecule of 
watei in plate-like ciysLals (melting-point 233°) It is a 
dibasic acid \\hich yields an anh\dnde and tiom its reactions 
c\'LdcnL]y contains a ketone gtoup It possesses two methoxyl 
gioups, fused with alkalies it is converted into protocatechiuc 
acid 

The constitution of these two deiivatives is the following 



Papavcraldine Papavenc acid 


On iccludion with zinc and acetic acid papaverakline is 
con\X‘iled into papavo niol^ CoHdOCH3),CIi(OH)C,jH4N(OCH3)2 
(coloilcssj inonoclinic ciystals) 

Papavenne contains no asymmetne carbon atom and is 
consequently optically inactne 

By the icduction of papaAciinc, however, Goldschmiedt 
obtained a Ichahydro papavenne^ in which the p\iidine nucleus is 
i educed 


Stucliljk, M 21, 813 



292 


THE yEGETHBLE ALKALOIDS. 



OCH3 

This clenvalive, accoiding to its constitution, possesses an asym- 
mctiic carbon atom Pope and Peachey" have, indeed, succeeded 
in sepaiating it into its two optical isomers thiough the salts 
formed with dcxtro-bromcamphoi siilphonic acid 

6 Codamine, 

C,„H,,NO„ or C,sH„NO(OH)(OCH 0 , This alkaloid was 
discovered by Hesse in 1870 It ciystallizes fiom ethei in 
piisms which melt at 126° and which aie little soluble in water, 
but leadilv soluble m oiganic soh'cnts 

Its solubility in alkalies indicates the presence of a hydiowl 
gioup By Zeisel’s method it can be shown that theie aie two 
metho\yl groups present 


7. Laudanine, 

CooHjr^NO,, or C,7H,r,N(OH)(OCH3)j Landamne was also 
discoceied by Hesse in 1870 It crystallizes from alcohol, 01 
ti-am chloiotoim in piisms, melting at 166° It is easily solulile 
in benzol, chloroform, and alkalies, little soluble m alcohol and 
cthei It IS optically inactive and acts as a strong tetanic 
poison 

It contains a hvdioxyl and thiee methoxyl groups and on 

” Pupe and Peachev, Proc Soc , i897-y8, 122 
Hesse, A 153, 53, 282, 20R, Siipp 8, 272 
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oxidation with potassium pcimanganatc 3'ields mctaheinipinii 
acid 

Accoiding to Hesse inactive Laudanosinc isee below) is the 
nonomethyl ether ot laiidanine Lcaiidaninc would then be a 
fi-mciliyl-l} iwelliyl papavei olinc, 

8. Laudanidtne, 

2 ooHor,NOjj or Ci7Hir,N(OCH3)j Laudanidinc was discovcicd 
3y Hesse in i8q 4 It contains Ihiec methoxyi gioups, is 
.evoiotatory, and melts at 177° It closely lesemblcs laudanine 
ind IS piobably its kevo-modification 

9 Laudanosine, 

r^iHoyNOj, oi Ci7Hi5N(OCHj)j. This alkaloid was isolated 
)y Hesse m 1871 It ciystalhzcs in needles melting at 89°, 
t IS soluble in alcohol, clhci, and cblorofoim, insoluble in waici 
nd alkali It is dcxtroiotatoiy, it is a strong poison, producing 
elanic convulsions 

The alkaloid possesses four methoxyi groups. 

Pictet and Athanascscu have shown that laudanosine is 
^exlro-n-mcihyl-icb ahydi 0 pa pava me 

CH, 

CK3O— / \cH3 

^N-CH 3 

CH 


I 

CH, 



LaudanojiriL 


Goldschrnieclt, IM 13, 6qr 
Hosse, T [-] ^Sj 42 
Hi'Sbc, A 282, c?oS 
"-Il(sse, A Supi>I 8, 31S 

PiLtcl Lind AlhandSCSCU, B 33, 2316, C r 131, bSg 
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RediicUuii of the methyl chloiidc of papa\Liine with tin and 
hydrochloric acid siitficcs to convert this alkaloid into inactive 
laudanosine The racemic mixtuie is sepaiated into its active 
constituents by means of qiunic acid. 

10. Tritopine, 

CjoHcjNsOy, or piobably (CstHsyNOJjO Tiitopine was dis- 
covered by Kaudci in 1890 It crystallizes liom alcohol in 
piisnis or from ether in small plates It nnelts at 182°, is casil} 
soluble in alkalies and in chloiofonn, litt e soluble in cthei and 
ligioin It lb a diacid base which in its leactions and without 
much doubt in its constitution closely resembles the thiee alka- 
loids just discussed 


II. Meconidine, 

CjiHjjNOj This alkaloid as well as the two succeeding weie 
isolated by Hesse in 1870 It is amorphous, its melting* 
point 58^^, it IS insoluble in water, but easily soluble in the ordmaiy 
organic solvents and in alkalies 


12 Lanthopine, 

C^^Hor.NO^ Lantho[)ine crystallizes fiom chloioform in small 
pi isms which melt near 200° It is only slightly soluble in 
alcohol, benzol, and cthei, but more soluble in chloroform, it 
IS dissolved by alkalies 


13. Protopine. 

Hesse, who discoveied protopine, assigned to it the formula 
C20H19NO5. According to later investigations ot Schmidt and 
Selle,®"’ the alkaloid possesses the foimula C20H17NO5. Still 


Hesse, A 153, 47, Suppl 8, 261 

Schmidt and Selle, A Pharra. 228, 441, 231, 136 
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later Hopfgartner reUimccl to the loiniLila of Hesse Hesse’s 
iormula is also confirmed b}' Schmidt 

Piotopine cr}'stallizcs fiom ethci or chlorofoim in needles 
melling at 207° It is insoluble in water and alkalies, very little 
soluble in alcohol, ethei, and benzol, somewhat soluble in chloio- 
loim It is a leitiaiy base, opticall}’’ inactive The alkaloid 
IS piobably identical with madeynic, which was rliscoveied by 
E^'kman*^® in 1885 m the roots of Madeya co)daia, R Bi (family 
of the Papaveraceie) 


14. Cryptopine, 

QiHo^NOr,, or CioHi7NOi(OCHj)2 Ciypto[>ine was discovcicd 
by T and H Smith in 1857 and was investigated by 
Hesse It ciystallizes fiom alcohol 01 ether in prisms melting 
at 213° It is insoluble in watei and alkalies, little soluble in 
alcohol, ether, and benze)l It is optically inactive and acts 
physiologically as a nai colic 

Ciyptopine is appaiently closely lelatcd to piotopine. It 
contains two methoxyl gioups, on oxidation with iiolassiiini 
pcimanganate it yields metahemipinic acid 

15. Papaveramine, 

CJ-RiNOr,. Paiiaveiamine was discovered by Hesse in 18S6. 
It torms pi isms which melt at 142®, it is easily soluble in 
alcohol and chloiofoim, little soluble m ether, and insoluble in 
water and alkalies 


Ho))lgarL!i(-*r, M 19, 179 
Schmidt, Ce)it}al -Bluti ^ 1901, IT, 781 
Eykman, R 3, 182 

T jnd H Smith, Pharmaceutical Journal [2] 8, 595, 716. 
Hesso, \ Siippl 8, 299, 176, 200 
Hesse, J 1SS6, 1721 
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16. Narcotine. 

Narcotine was isolated by Robiqiiet in 1817. It occurs in 
opium (o 75-Q 6%) m the tree condition and may be obtained 
b} simple c\tracLion with elhci Its empiiical loimula as de- 
determmed by Matthiesscn and Fostei is C22H23NO7 

The alkaloid sepaiates fiom an alcoholic or ethereal solution 
in pribins which melt at 176° It is insoluble in cold watci, 
little boluhle in hot, somewhat more soluble m alcohol and 
Lthei, it dissohes readily in benzol and chloroioim It is a 
weak tertiary base, little poisonous In neutial solution it is 
hcworotatoiY, in acid it turns the plane of polaiizecl light to the 
light 

Narcotine is in the cold insoluble in alkalies, on being heated, 
how'e\er, it dissolves, foiming unstable salts, iiauolalcs These 
salts are leadily decomposed by acids 01 by hot watci, thc^ 
are termed from narcotme by the addition ot a molecule ol watei, 
a lactone ring being thus opened Narcotme itself does not 
contain a h)dro\yl gioup, it is imaftectccl both by acetic anln- 
dnde and acetyl chloiide 

The action ot hydrochloiic and hydi iodic acids indicates 
the [iresence ot three methoxyl gioups On being heated wuth 
one ot these acids, narcotme yields in succession the lollowmg 
bodies. 

Dinicthylnoniaicoiuic, Ci<,H,,NO,(OH)(OCH Jo, 
Methyliiornaffolnic, Ci.iHijNO^(OH)2(OCH3), 
Nouiaitoliuc, Ci.jIiijNO,(OH)3 

These are amoiphous deiivativcb, easily oxidized and soluble 
m alkalies even m the cold 


’ Robiquet, A cb [2] 5, 1^75; 

" Mattliiessen and Foster. A Suppl i, 330, Suppl 2, 337, SuppI 5,332 
Hebse, X 176, 192 

Wohler, A 50, 25 Htsst, X 176, 192 
Beckbtt and Wnght, Soc 2 q, 167 
Matthiessen, A buppl 7, 59 
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When narcotine is heated alone, or is subjected to the action 
of water at 250® or of baiiiim hyaroxide or the caustic alkalies 
at 220°, It IS decomposed, yielding methvlaminc, dimethylamine, 
and trimethylainine This appeals to indicate the presence of 
a //-methyl group — an indication which has been conhrmed by 
the process of Herzig and Meyer’** 

When heated with acetic acid to 130°, narcotine is con- 
\ertcd, according to T and H Smith, ’Mnto an gmsco pine 

.(page 31 1). 

When the methyl iodide of naicoline is healed with alkalies 
It yields naueitie (page 311).®° 

Phcnylhydrazinc is without action on narcoline. 

Heated with watei at 140°, 01 with sulphuric acid, or with 
haryla-water, the alkaloid is decomposed into a non-nitiogenous 
acid, opianic acid, and a base, hydrocotarnnie:^'- 

C,,H.,N0, + H,0 — C,oH,oO, + C„H,5N03. 

Narcotine Opiamc icid H\ drocotamine 

By reducing agents, such as zinc and hydrochloric acid or 
sodium amalgam, a similai decomposition is effected, in this 
case, howevei, instead of upianic acid, there is obtained its reduc- 
tion-product, meconiuc “ 

C,.,H ,,N07 + 2H — C,oH,„0, -t- C,,H .sNO,. 

Narcotine Mecomne Ilydrocotarnine 

When naicotine is oxidized AVith various reagents, such as nitric 
acid, chromic acid, etc , it yields opiduic acid and colarniHC, 

C9)HjjN07 “HH^O + 0 — ^ CjqN loOs'h 

Narcotine Opianic acid Cotamine 


7«Hcr7ig .incl Mcyei, M 15, 613 

’“T and II Smith, Pharmaceutical Journal, 52, 7Q4 

Roscr, A 247, 167, B 32, 2074 Freund and Frankforter, A 277, 20 
Frankfurter and Keller, Am Chem Jour, 22, 61 
Beckett and Wnglil, Soc 28, 583 

Wohler, A 50, r Blyth, A 50, -h) Anderson, A 86, 44, 163 Matthiessen 
and \\'tighl, A Suppl 7 , ^3 Kerbtern, J i 88 q , 2000 
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In addition to these two pioducts there is also often formed 
hermpimc acid, CioHioOg, which results from the further oxida- 
tion of opianic acid 

The molecule of narcotine accoidingly consists of two atomic 
groupings the nitiogenous one is contained in cotainmc, 
CjsHi^NOj, and hydrocotarnine, C,,H,r,N03, the olhei free Irom 
nitrogen is found in the derivatives meconine, C,oHioO„ opiamc 
acid, C^oHioOg, and hemipmic acid, 

Liebermann®^ attempted to synthesize narcotine fiom its 
decomposition-products, hydrocotarnine and opiamc acid 

Cj2H]5N03 CioH^qOs ^ C22H23NO7 -\r H2O 

By adding an equimolecular mixture of these two bodies 
to 73% sulphuric acid, condensation is indeed effected, but the 
product obtained differs from narcotine This new deiivative, 
isoiiafcoiuw, melts at is optically inactive and could not be 
separated by de\tro-tartaric and into optically active constituents 
It IS soluble in hot benzol, difficultly so in ethei, in water, am- 
moma, and alkalies it is insoluble Unlike narcotinc, it gives 
with concentrated sulphuric acid a characteristic red coloration. 
It possesses no paiticular physiological action 

We shall now examine the structure of the different decom- 
position-products of naicotine and shall then present the con- 
clusions which naturally follow legardmg the constitution of 
the alkaloid itself 

Cotamine— In 1844 Wohler’*'* first obtained this derivative 
by treating narcotine with manganese dioxide and sulphuric 
acid and assigned to it the formula CiaHj^NOg. Lalei the 
formula proposed by Matthiessen and Foster/® 

appeared to be more acceptable More recent investigations of 
Roser have, however, shown that the supposed watei of crystal- 

Liebermann, B 29, 183, 2040 
Bandow, B 30, 1745 
Wohler, A 50, i 

jMatthjcssen and Foster, A Suppl i, 330, 

Roser, A 249, 156 
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lization IS in reality water of constitution and that consequently 
the formula foi free cotarnmc is CipHjsNO, Its salts, however, 
bear the foimuke Ci^HisNOj HCI, (CiaHigNO^^jFLSO,, etc , 
and are consequently foimed by the elimination oi a molecule 
of water. 

Cotarnine crystallizes from benzol m needles and melts with 
decomposition at 132-133° It is weakl) alkaline in reaction 
and js non-poisonous It is almost insoluble in water and alkalies, 
but IS readily soluble in alcohol and elhei 

It JS a secondary base and foims by the action of benzoyl 
chloride and sodium hydroxide a benzoyl derivative Its aldehyde 
chaiacter is shown by its reaction with hydroxylamine and 
prussic acid 

It contains a methoxyl gioup, as is shown by the elimination 
of methyl chloride or iodide when the base is heated to 140° 
with the coi responding halogen acid®® 

Reduction conv^erts cotaininc into hydiocotarnine 
The first indications regarding the constitution of cotainine 
were given by its behavior on oxidation. 

On treating the base with nitric acid or manganese dioxide 
and sulphuric acid, Wohlei and Anderson obtained a monobasic 
acid, CgH^NO^, to which the fiist of these iiivestigatois, on account 
of the resemblance of its crystal foim to that of apophyllite, 
gave the name apophyllenic acid This dcnv^ative crystallizes 
from water in prisms containing a molecule of watei , it melts 
with decomposition at 241°, is difficultly soluble in cold water, 
almost insoluble in alcohol and ether. 

The study of apophyllenic acid was taken up anew in 1880 
by von Genchten This investigator noted that when the 
acid IS heated with hydrochloric acid to 250° it is decomposed 
into methyl chloride and cmchomeronic acid (page 62) 

CbH^NO, + HCI -- C^H.NO, + CH3CI 

Apophyllenic acid Cmchointromc acid 

*^Roser, A 240, 15(1, 254, 334 

Freund and Prc.uss, B 33, 380 Freund and Bamberg, B 35, 1739 
Matthicssen and Foster, A Supp] 2, 379 
von Genchten, A 210, 79 
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Apophyllenic acid is a monobasic acid and it seemed natural 
from the foregoing reaction to regard the acid as the mono-methyl 
ester of cmchomeronic acid, Cr,H3N(COOH)(COOCH3) But von 
Gcnchten was compelled to iorego this interpietation, since 
apophyllenic acid could not be converted by saponification with 
alkalies into cmchomeronic acid It only remained then to 
look upon apophyllenic acid as a betaine derivative (page 73). 

This view was confirmed by the synthesis of the acid, which 
was eltected by Rosci in 1886 by heating cmchomeronic acid 
with methyl iodide at the tempeiature of the water-bath 


COOH 

I 

QH^^N + CH,! 

I 

COOH 

Cinchomerontc acid 


COOH 


C.H3=N- 


yCH, 


COOH 


Methvl iodide of 
cintliomeronic at.id 


COOH 

I 

C,H3=N— CHj-pHI. 

1 1 

CO — o 

Apophyllenic acid 


Apophyllenic acid is accordingly the methylbelaine of cincho- 
mcronic acid 


COOH 



N O N O 

I I 

CH3 CH3 


The evidence, however, is as yet scarcely sufficient to determine 
which of these formulce correctly represents the constitution of 
the acid, although possibly preference is to be given to the first 
The piesence of a pyridine ring in the molecule of cotaininc 
was also shown by the action of bromine on the base, there are 
thus obtained pyridine derivatives Beckett and Wright isolated 


“ Roser, A 234, 116 

Kirpal, M 23, 230, 76c;, 24, c;iq Ka.is, M 23, 2c;n, 6Sr 
Bcckelt and Wnght, Soc 23, ^So, 29, 160, 32, 531 
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as the ficst product of this reaction a deiivative, 
which, on being heated to 200^, was decomposed into methyl 
bromide (one molecule), hydrobromic acid (two molecules), 
and a substance, bromlajtouine, CuHgBiNOa (orange-yellow 
needles, melting at 235-238°) 

Now when bromtarconine is distilled o\er soda-lime it ^'lelds 
pyridine, and when oxidized with chiomic acid it is convened 
into apophyllenic acid 

If bromtarconine is ticated with bromine there is loimed 
among other derivatives dihwma pophyUiue, (C7H^Br2NO>)2 When 
this substance is heated with hydrochloric acid to 200°, it is 
decomposed into caibon dioxide, methyl chloiide, and /?/J'-dibiom- 
pyudme (page 16) 

The fuither solution of the constitution of cotarnine \^c owe 
to the investigations of Roser,’^'^ who applied to the base the 
exhaustive mcthylation ot Hofmann 

Since cotarnine is a secondary base, it unites with two 
molecules of methyl iodide to form a methyl iodide of melhyl- 
cotaf nine 

When this derivative is heated with caustic soda it is decom- 
posed into tnmethylaminc and a mtiogen-fiee substance, color- 
none The formation of tiimelhylamine aftci the absorption 
of onl} two molecules ot methyl iodide shows that cotarnine 
must possess a ^7 methyl gioiip Since cotarnine is a secondary 
base there must be present the atomic giouping NH — CH3, 
the base, consequently, cannot contain a jjyiidme ring 

CuH hO + 2 CHJ -- C , ,H„0 -N (CHO^I + HI 

Cofariiine MeLln linrlide of 

niL’thylc ntaniuic 


C„H,i0-Nf,CH3)3l + NaOH-C„H,„0. + N(CH,),+NaI+H,0 


Cotarnone 


Cotainone crystallizes fiom alcohol m leaflets which melt 


“‘'von (jLnehten, B 13, r6’,Sj I4» ^ ^ro, 79, 212, 165 

“'»Rob(r, A 249, 156, 254, 334, Chenuko-Zutiiug, 20, 782 
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at 78° It adds two atoms of bromine and likewise foims an 
oxime, it thus appears to contain an ethylene bond and an 
aldehyde or ketone group 

Cotamnne proves to be a derivative of gallic acid, and this 
affords us an insight into the probable constitution of cotarnine 
itself 

Oxidation with potassium permanganate converts cotainone 
into a dibasic acid, cotarmc aad, C8Ho02(COOH)2 (leaflets 
melting at 1 78°) This acid Roser regarded as a methyl- methylene - 
Irioxyphthalic acid: 



i— COOH 
COOH 


or CH, 


\0-v J-i 


—COOH 

COOH 


CH,— O 


OCH, 


The following three observations lead to this constitutional 
formula for cotarmc acid 

I. The two carboxyls are in an c?r//?o-position, since cotarmc 
acid forms an anhydride 

2 The presence of a methoxyl group is shown by the method 
of Zeisel 

3 On being heated with hydriodic acid and phosphorus, 
cotarmc acid is conveited into gallic acid 

HO— COOH 
HO I ' 

OH 



From the above formulce for cotarnic acid we derive the 
following for cotarnone and cotarnine 



— CHO 


CH.Oj 

ch;o 


|— CH— CHa— NHCHg 

Lcho 


Cotarnone 


Cotamine 
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According to this formula fiec cotarnine does not contain 
a pyiidme nng, in the conversion to its salts, hovvevei, such a 
ring IS formed. We have seen that the salts of this alkaloid 
are not formed by the simple addition of an acid, as is oidinarily 
the case, but that theie is at the same time a loss of a molecule 
of water It is this loss of watei which brings about the union 
of the aldehyde carbon atom with the nitrogen atom and thus 
leads to the formation of a pyridine nucleus 


CHoOn 

ch;o‘ 



I A NH-CH, 
^CHO 


Cotarnine 


+ 


HCi 


CHo 


CH.O, 

CHlO 


\/\ 


CH. 


NH.ClCHa 

CHO 


CHo 


.N( 


yCU, 


+ 


\ci 

CH 

Cotarnine hydrochloride 


H2O 


The salts of cotarnine arc accoi'dingly quaternary deuvatives 
of a dihydroisoqmnohne. 

From a study of the absorption-spectra of cotarnine and 
its salts, Dobbic, Lauder, and Tinkler believe that the fiee 
base passes into the quaternary ammonium form when dis- 
solved m alcohol. 

The formation of cotarnic and apophyllenic acids by the 
oxidation of cotarnine in acid solution is thus entirely analogous 
to that of phthalic and cinchomeronic acids by the oxidation of 
isbqumohne: 


®’Dobbie, Lauder, and Tinkler, Proc Soc 19, 75, Soc 83, 598 
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CHo 


CH.O. 

ch;o‘ 


CH, 

yCH,- 

\/'\/^^NO, 
CH 

Cotanune nitrate 


COOH HOOCv 


CH.O> 

"ch;o' 


+ 


COOH 

Cotarnic acid 


\/ 

i 

CO — o 

ApupliylleniL acid 


N-CH, 



Isoqumolint, 


/X/ 


COOH 


HOOC 


+ 


'COOH 
Phthalic a( id 


N 

/ X / 

HOOC 

CmchomcroniL acid 


By the OMclation ot cotamine with potassium pei manga nate, 
there are formed, in addition to small quantities of potassium 
cotarnate, the mcthylimidc oj cotanuc acid and oxycolarnme, 


/x,_, 


CHnO, 

ch;o' 


CO 


> 


^NCH^ 


CO 

Methylimide ot cotarnic acid 


CH, 



CO 


Os^ycdtamine 


Hydrocotamine, CisHjr^NOg — Hydrocotarnme is formed, as 
has already been indicated (page 2Q7), by the decomposition 
of narcotine It cr}^stal]izes in prisms which contain one-half 
molecule of water and melt at 55°, it may be distilled with but 
slight decomposition, it is readily soluble in organic solvents, 
insoluble m water and alkalies. The base is optically inactive 
and IS more poisonous than cotarnine and naicotine.^ 

The constitution of hydiocotainine follows fioin its formation 
by the reduction of cotarnine eithei by electiolysis or by means 
of zinc and hydrochloric acid On the other hand, oxidation 
converts hydrocotarnme into cotarnine 

Hydiocotamine is a tertiary base At first glance it may 
appear strange that a secondary base like cotarnine would on 


Freund and Wulff, B 35, 1737 

Beckctl and Wright, Soc 28, 577 Bandow and Wolffenstein, B 31, 1577. 
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reduction yield a tcitiary This reaction becomes clear, however, 
jf we consider the reduction as ailecting the salts ot colarnine 
and not the fiee base. 


CH,o. 

CH, 0 ” 


CHa 

,N’ 


yCH, 


\ci 

CH 

Cotamjne liydruc. hlonde 


+ 2H 



CH, 

H vd n lootarnine h yd roch londt 


H\d locotarnine is thus a deiivative of mci]iyUctrahyd)oiso- 
qiiinolinc 

By the action of siilphuiic acid hydrocotarnine forms a con- 
densation-product, hydrodicolarnine, CatHasNgOj, This crystal- 
lizes in light-yellow needles w'hich melt at 211^ and unlike hydro- 
cotarnine aie insoluble in ammonia 

Opianic Acid, C10H10O5 — Opianic acid crystallizes m prisms 
'which melt at 150^ It is little soluble in cold water, but leadily 
soluble in alcohol and ether It shows the properties both of a 
monobasic acid and of an aldehyde It possesses two methoxyl 
groups, since two molecules of methyl chloude or iodide are 
evolved by the action of the coricsponding halogen acid. In 
this reaction there arc also formed the following two derivative s 


Melhyhwropianic acid^ CgHyOs 
Noropiamc acid^ CjjHqOb 


The formula of opianic acid may accordingly be represented 
as C,Ho(OCH 0 ,(CHO)CCOOH) 

The position of the two methoxyl groups in their relation to 
the aldehyde group is shown by the foimalion of mclhylvamllni, 
w'licn opianic acid is distilled w'llh soda-lime 


^'^'^Bandow, B 30, 174 ^ 

MaUhiessen and Foster, J 1867, 519 Wright, J 1877, 770 
Beckett and Wright, J 1S7C), S07 Liebermann and Chojnacki, B 4, 194, 
A 162, 323 



3 o 6 


THE VEGETABLE ALKALOIDS. 
CHO 


— OCH, 




I 


OCH3 

Methylvanillin 

In what position now must the carboxyl group be introduced 
to obtain opiahic acid^ This question finds answer in a study 
of the oxidation and reduction-products of opianic acid 

The oxidation of the acid (by means of lead peroxide, nitric 
acid, chromic acid, or platinum chloride) converts it into the 
well-known, dibasic hemijjinic acid 

On reduction with sodium amalgam, or zinc and sulphuric 
acid, opiamc acid yields metonine 

These reactions indicate that the three substances bear to 
one another the relation of acid, aldehyde, and alcohol 


COOH 


— COOH 

Loch, 


0CH3 

Hemipmic acid 


CHO 

I 

COOH 




OCH, 


OCH3 
Opianic acid 


CH— O 
"1— CO 

OCH, 

Mtconme 


Opianic acid frequently reacts m its tautomeric form as an 
oxyphthalide derivative 

OH 

I 

HC O 

A|J:o 

kz-OCH, 

OCH3 

Hemipinic Acid, CioHioOg — ^This acid, which is formed 
not only by the oxidation of opianic acid and of narcotine but 


Licbermann, B 19, 765, 2288 
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also by that of several other alkaloids (oxynarcotinc, narcemc, 
hvdiastine, beiberine), crystallizes in pi isms containing a var}'’ing 
quantity of watei molecules) The anhydrous acid melts 

ncai iSo° and can be sublimed It is little soluble in watei, 
somewhat soluble in alcohol, and \eiy readily soluble in ether 

Hemipimc acid is a dibasic acid, C8H80j(C00H)2, which on 
being heated is convcited into its anhydride^”' This fact, in 
connection with those which determine the position of the 
three substituents in opianic acid, limits the constitution of hemi- 
pinic acid to the two following possibilities 

COOH 

COOH 

OCH3 

I 

The choice between these two formuhe was neatly determined 
by Wegscheider It will be apparent at a glance that a deriva- 
tive of the first formula can yield two different ester acids, while 
one of the second formula can form but one such ester acid, 
since in the second formula the Uvo carboxyls arc symmetrically 
arranged with leference to the rest of the molecule Now Weg- 
scheidcr succeeded in obtaining tw^o monomethyl csteis of hemi- 
pinic acid, the one, the ci-esler, by oxidation of the methyl ester 
of opiamc acid, the other, the /?-cbLer, by treating a methyl alcohol 
solution of hemipimc acid wnth hydrogen chloride. 

Hemipinic acid possesses, accordingly, the former of the above 
formiilie 

This lesult has also been confirmed by an observation of 
Lagodzmski 

This investigator obtained alizarine by the condensation 


COOH 


HOOC— : 


or 


— OCFI3 


0CH3 

II 


'®^Pnnz, J pr [2] 24, 370 
105 Wegscheider, M 3, 384, 4, 262 
Lagodzmski, B 28, 1427 
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of hemipinic anhydride with benzol in the presence of aluminum- 
chloride and the subsequent tieatnient ot the condensation 
product with concentrated sulphuric acid. 




OCH3 
CO— OCH, 


CfiHfl+O 


+ 2H2O- 


'^CO— 's 

Hemipjnic anhNdnde 


OH 



Ali7anne 


Meconme, CioHjoO^. — Meconine, the reduction-pioduct of 
opianic acid, is found in small quantities (005-008%) in opium, 
wheie it was discovered by Dublanc'®^ m 1832 It has also been 
found in the roots of Hydrastis canadcn^^is L (page 315) 
Meconine forms prisms wluch melt at 102 5° and sublime 
without decomposition; it is easily soluble in alcohol, ether, 
benzol, and chlorofoim, little soluble in water, it is optically 
inactive 

With alkalies, meconine yields soluble salts of a monobasic 
acid, meconinic acid, CioHjoOs, the acid itself is not stable and 
IS reconverted into meconine when an attempt is made to pre- 
cipitate It from its salt solutions 

These properties indicate that meconinic acid is the alcohol 
corresponding to opianic acid and that meconine is the corre- 
sponding lactone of the phthalide form 


CHO 

-COOH 
.'-OCH, 

6CH3 
Opunic acid 


CH,OH 

COOH 
J— OCH3 

OCH3 

Meconinic and 


CH,— O 

I 


V 


—CO 

-OCH3 


OCH3 

Meconine 


’^’Dublanc, A ch [2] 49, 17 

Freund, B 22, 41:6. A 271, 211 
’°®Hessert, B ii, 240 



THE OPIUM ALKALOIDS 


309 


FriLsch has succeeded in synthesizing meconine By the 
condensation of the methyl ester of 2^ydinhclko\ybmzoic acid 
and chloral hydrate (molecular quantities) by means of concen- 
trated sulphuric acid there is formed ^fi-dimcthoxy-tuchlor’ 
methyl l^hlhalide. 


1— COOCH3 
—OCH, 


CI^CCH O 

> ' 


+ CCl3CH(OH)j- 




—CO 
— OCH, 


+ CH,OH + H.O 


OCHj 

The methyl ebter oi 2,3-dimetho\y- 
benroic acid 


OCH3 

s b-Dimethoxy-tnchlormethylphthalide 


On saponification with sodium hydioxide, this yields 2-car- 
hoxyl-^,4.-du}icthoxymavdclic acid * 


HOOC— CHOH 



which on being heated loses water and carbon dioxide and forms 
meconine : 


HOOC— CHOH 


I 


COOH 
OCH3 


CH ,-0 

A I 

/ N— CO 


-OCH, 


OCH, 


3 -Carbo\vl- ?, } dimcLho^y- 
mandelio acid 


OCH, 

Meconine 


Attempts to prepare meconine by the reduction of hemipinic 
anhydiide with zinc and acetic acid led to an isomer of meconine, 
pscudomecoiiinc: 


Fritsch, \ 3or, 352 
Salomon, B 20, SS3 
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CO— O 


J—OCH, 


OCHj 

Pseudomeconiue 


Constitution of Narcotine. — As we have seen (page 297) 
narcotine decomposes with the absorption of water into opianic 
acid and hydrocotarnine. The constitutional formula? ot these 
two decomposition-products we have found to be represented as 
follows 

OH 

I 

HC O CHO 




./ COOH 

\/\/n-ch, 

y'-OCH, 


CHo 

\ 

Hydrocotarnmci 

OCHi 

OCH3 


OpuriK and 
(0\ypht,halidc term) 

Opianic acid 


It remains only to deteimine in what way these complexes 
are united to form the narcotine molecule. 

Now, since narcotine is a tertiary base and contains neither 
a carboxyl nor an aldehyde group, it is highly probable that 
the formula for narcotine should be represented as follows 

CH. 


CH 

I 

CH — O 


r r° 

k J-OCH, 


Narcotme 
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17. Gnoscopine. 

This alkaloid was isolated from opium by T. and H. Smith 
in 1878. It bears the formula Q,jITjN07 and is accordingly 
isomeric with narcotinc, probably steroisomcric. 

The absoiption-speclra of the two alkaloids are identical 
According to the directions of Smith it is foimed by heating 
narcotine with acetic acid to 130® 

Gnoscopine ciystallizcs from alcohol in needles which melt 
at 228°, It IS rcadil> soluble in benzol and chloioform, little 
soluble in alcohol, insoluble in water and alkalies 

18. OXYNARCOTINE. 

This alkaloid, which was discovered by Beckett and Wright 
in 1875, possesses the formula It foims a ciystalhne 

powder, little soluble in alcohol and hot watei, and almost in- 
soluble in ether, chloroform, and benzol 

In its constitution, oxynarcotme is without doubt closely 
related to narcotme, it diffeis from this alkaloid, indeed, only 
by an atom of oxygen Treated with feme chloiidc, it is de- 
composed into cotainme and hernipinic acid 

+ H,0 -h O ^ C,2H,,N0 , -h C,oH,oO, 

Ojcvnarcutine Cotarnine Hemipinic acid 

Under the same conditions narcotine is decomposed into cotarnine 
and opianic acid, CioHjoOjj. 

19. KARCElNE. 

Narceine was discovered by Pelletier”'’’ in 1832. It received 
from Anderson”'^ the formula C2^H2oN09^- 2H2O. According 

'■■’T and H Smith, Pharmaceutical Joiirmh [3] 8, 415, 9, Si, 52,794 
Dobbie and Lauder, Sot 83, 60c; 

Beckett and Wnght, Sor 29, 461 
’“‘Pelletier, \ ch [2], 50, 252 
AnrJeison, \ 86, 18 e 
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0 later investigations ot Freund and Frankforter,’^^ this formula 
nust be altered to the expression C2jH27NOg + 3 PhO 

Roser succeeded in converting narcotinc into narceine 
Dy heating the methyl chloride of the lormei with alkali 

CH3Cl + NaOH— Ck.H^^NO. + NaCI 

Methyl rhlonde ut narcotine Narceine 


By the same treatment of the ethyl chloride of naicotme 
there is turmed homoumceinc, C>,H2oNOh 

Narceine crystallizes fiom water or alcohol in prismatic 
needles, which in the hydrous condition melt at 170-171°, m 
the anhydrous at 145° It is little soluble in cold alcohol and 
chloiotorm, still less soluble in water and insoluble in cthci, 
benzol, and ligroin It is a weak tertiary base, optically inactixe 
Oi all the opium alkaloids iL is the strongest naicotic 

Naicemc has no alcoholic hydroxyl group, it is imaflectcd 
b\ acetic anhydride It possesses, however, three methoxvl 
gioups and has two methyl groups attached to the nitrogen 
The latter observation is ot importance, since it shows that 
narceine contains no pyndine iing 

The alkaloid is soluble in alkalies, it is converted into an 
ester by alcohol and hydrochloric acid, this indicates the presence 
ot a caiboxyl group in the molecule It possesses, furthermore, 
a CO group, since it reacts with hydroxylamine and phenyb 
hydrazine 

Its foimula may accordingly be resolved as follows 

C„H„0,(n<(^[J<)(OCH3),(CO)(COOH). 


"’Freund and Frankforter, A 277, 20 
Roser, A 247, 167, B 32, 2974 
Hesse, A 176, 198 

"®von Schroder, Arthiv Jtir expernnenfelle Pathologies 1883, 132 
Herzig and Meyer, M 16, 599 
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Narceine cannot be decompjosed into two atomic groups, 
as has been ejected in the case ot narcotinc. On oxidation with 
chromic acid, ferric chloiide, or potassium permanganate, there 
IS indeed obtained hemipinic acid, but no pioduct analogous 
to cotarnine 

The piopcrlies and reactions of narceine, particularly its 
foimalion fiom the methyl chloiide of naicotine, appear to be 
best expressed in the following constitutional foimula, which has 
been proposed b}^ Fieund and Frankforter 



COOH 

'-OCH, 


OCH, 
Narceine 


20. Hydrocotarniite. 

Hesse found this alkaloid m opium. It has already been 
discussed on page 304. 


21. XAMTHALINE, 

T. and H. Smith isolated xanthaline from opium in 1893 
and gave it the formula C37H,„NjO, It is a crystalline powder 
which melts at 206°; it is insoluble m water and alkalies, little 


Beckett and WnglU, Soc 2Q, 467 
’ 2 ® Hesse, A Suppl 8, ^20 

and H Smith Pharmaceutical Journal 52 793 
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soluble m boihng alcohol, more readily soluble m benzol and 
chloroform. Its salts are yellow in color 

On reduction with zinc and hydrochloric acid, ’canthaline is 
converted into hydroxanthalinc, CgjHssNjOo This melts at 137° 
and forms colorless salts. 



CHAPTER XXV. 


ALKALOIDS FROM HYDRASTIS CANADENSIS 

We include under this title a number ot alkaloids which are 
found not only in the root of the golden seal, etc {Hydrastis 
canadcns'is L , family of the Ranunculacccc), but also in tliat of 
the common barbeny {Berberis vulgaiis L , family of the Berbeii- 
dacctT), and of a few other related species as Nandina domesiica, 
Thumb (the same family). 

All these alkaloids appear to be more or less closely related 
in constitution. They include 

1. Hydrastine C21H21NOC 

2. Berberme C20H17NO4 

3 Canadme CaoHjjNO^. 

4. Nandinine CioHi^jNO^ 

5. Oxyacanthine CjoHaiNO, or C,gH,j,N03 

6 Berbamme CiyHigNOg 

The root of Hydrastis canadensis contains hydrastine 
)erbenne (4%), and canadme, together with a small quantity 
)f meconine, that of Berberts vulgaris contains berberme (i 3%), 
)xyacanthme, and berbamme, in that of Nandma domeshea 
ire found berberme and nandinine 

I. Hydrastine. 

Hydrastine was observed by Durand ^ m 1851, but was first 
,oIatcd in a pure condition by Perrins ^ m 1862 The first 


‘ Dumnd, Am Jour Pliarm 23, ir2 
2 Perrins, Phanuaceulical Journal, [2] 3, 546 
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formula assigned to the alkaloid was that of CsoHo^NOg,^ the 
later analyses of a numbei of investigators,^ hovvcvei, showed 
that this must be replaced by the expression CjiH^^NOg. 

Hyclidstine is found in the ihizome of Hydrasiis cavadcnsis, 
partly in the free condition, partly in combination ^ 

The alkaloid crystallizes fiom its alcoholic solution in pubnib 
which melt at 132° and which are insoluble in water, somewhat 
soluble in alcohol, and easily soluble in benzol and chlorotoim 
It is a tertiary base of alkaline reaction and but little poisonous 
Hyrlrastine, like narcotme, is kevorotatory m neutral solu- 
tion, dextrorotatory in acid 

The first observation bearing upon the molecular structuie 
of this alkaloid was made by Power" in 1884 He noted that 
hydiastine on being fused with caustic potash is decomposed 
into protocatechuic and foimic acids 

Then followed a long series ot investigations by Freund and 
his students ^ and by E Schmidt,® which have fully solved the 
constitution of hydrastine The alkaloid is found to be closely 
related to narcotinc; the latter, indeed, is most probably a 
methoxylhydrastine 

The following is a resume of these investigations 
Hydrastine possesses two methoxyl gioups (method of Zeisel) 
It does not react with hydroxyldmine, noi with phenylhydrazine 
and It forms no addition-product with bromine, it accordingly 
contains no aldehyde or ketone group, nor is there an ethylene 
bond present 

On oxidation there are obtained almost the same derivatives 
as in the case of narcotinc Dilute nitric acid converts it into 
apophyllenic acid (page 299), potassium permanganate gives 
use to hemipinic acid, chromic acid or manganese dioxide 


^ Mahla, Aju Jour of Set 86, 57 
* Freund and Will, B 20, 88 Eykman, R 5, 291 
® Linde, A Pharm 236, 6go 
® Power, Pharmaceutical JonruaL [3] 15, 297 

^ Freund, B ig, 2797, 20, 88, 2400, 22, 456, irsO, 2322, 2329, 23, 404, 2897, 
2910, 24, 2730, 25, Ref 234, 26, 2488, A 271, 311 

®Scbmidt, A Pharm 224,974, 226, 239, 228,49,221,596, 231,541, 232, 136 
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and siilphiirjc acid decompobc it into opianic acid and a base, 
hydraslnnne^ CuHigNO^, which corresponds to cotainine 

C > , H , , NO, + H.O + O C loH ^ 0O5 + C n H ^NO , 

Hydrabtine Opianir and Hydrabtinint, 


Hydrastinine, CjiHigNOa — This deiivativc crystallizes fiom 
Ijgioin in needles melting at 116-117°, it is icadily soluble in 
organic solvents, little so, however, in water Hydiaslininc 
possesses an alkaline reaction and is without effect on polaiized 
light. Physiologically it acts as a styptic 

Hydrastinine possesses a methyl gioup attached to the 
nitrogen,® but no methoxyl group (method of Zeisel), it is a 
secondary base forming benzoyl and acetyl derivatives, it con- 
tains an aldehyde group and may accordingly be conveited 
into an oxime. 

Its salts, Like those of colarmne, are formed with the elimina- 
tion of a molecule of watei 


CuPInNO, + HCl — C^H.^NOp-l-ITO 

KidrabLimne Hydrastinine In drnrhlnride 


Oxidation with nitiic acid con\eits h3^drastininc into apophyl- 
lenic acid With potassium permanganate theie is first obtained 
o\yhyd}aslninu\ CnH^NOj (a weak base, melting-point 97-98°), 
then hychasliniL acid, CnHj^NO, 

On reduction with sodium amalgam, with zinc and hydro- 
chloric acid, or by electrolysis, hydiastinme yields hydrohydras- 
iinnie, CuHiaNO^., this is a tertiary base, melts at 66°, and on 
oxidation is leconvertcd into hydrastinine 

When hydiastinme is heated with caustic potash it is de- 
composed into a mixture of oxyhydrastinine and hydrohydias- 
tinine 

These reactions find their interpretation in the following 
form u he 


® Hcr/ig and !Mc\er, At t 8, 37g 
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CH. 


/0-j 

HX\oJ 


CH, 


NH-CH, 
CHO 

Hydrastmine 


/O- 


CH„ 

\cH„ 


n-ch. 


CHj 

Hydroh ydrastini ne 


HX' 


CH. 



CO 

0'C”hydrastnMne 


These formulse find full confiimation through the following 
investigations of Freund 

Hydrastmine as a secondary base unites with two molecules 
of methyl iodide to form the methyl iodide of methylhydiastinine 


CHa 




/ 0 -. 


O— ^ 


CH2 

/CH, 
— CH, 


N— , 


CH, 


CH0\l 
Meth\l iodide of methylbydrastimne 


When this is heated with potassium hydroxide, it is decom- 
posed into trimethylamine and a neutial, mtrogen-fiee substance, 
hydrasial Hydrastal possesses the properties of an aldehyde 
and crystallizes m plates which melt at 78-79°: 


HX 


CH 


< I I 
\o-l X 


CH, 


CHO 


Hydrastal 


Hydrastal is readily oxidized by potassium permanganate, 
being thereby converted into a dibasic acid hydrasiic acid, CgHgOe 
This acid is also formed by the action of nitric or chromic acid 
on hydiastinic acid, the oxidation-product of hydrastmine 
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From the following considerations, hydrastic acid is shown 
to be the methylene ether of 4,5~dioxyphthalic acid. 



— COOH 
—COOH 


Hydrastic acid 


1. When hydrastic acid is heated to 175^ it is converted 
into its anhydride; with ammonia it yields an imide. the two 
caiboxyls are consequently in the or/Ac>-position. 

2. Fusion with caustic potash gives rise to protocatechu ic 
acid and pyrocatcchin 

3. Fuming nitric acid converts hydrastic acid into the methyl- 
ene ether of dinitropyiocatechin, 



CbH,(NO,) 


2> 


a compound which was also obtained by Hesse and Jobst 
from pipeionylic acid by the same treatment (page 144). 

4 By the successive action of phosphorus pentachloiidc 
and boiling water on hydrastic acid there is formed normeta- 
hemipinic acid^ 

- COOH 
—COOH 

This derivative was also prepared by Rossin “ by treating meta- 
hemipinic acid (page 288) with hydriodic acid. 

5. If hydrastic acid is heated to 160*^ either alone or with 
hydriodic acid there is formed this same normetahemipimc 
acid. 

From all these reactions there naturally follows the constitu- 



t‘d Hesse and J'ubsL, A 199, 75 
" Rossin, M 12, 486 
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tion given above to hydrastic acid and fiom this constitution 
may be developed the formula already assigned to hydrastinine. 

This constitution of hydrastinine and its derivatives find'^ 
a brilliant confirmation in the synthesis of hydiohydrastinc, which 
was effected by Fntsch This synthesis has alicady been dis- 
cussed (page 113) 

Constitution of Hydrastine. — \vc have already learned, 
hydrastine is decomposed by oxidation into opianic acid and 
hydrastinine Since wc now know the constitution of these two- 
decomposition- products, it remains only to determine how Ihiy 
are united m hydrastine 

We proceed heie as we did in the case of naicotinc and note 
that the aldehyde group, which is common to both opianic acid 
and hydrastinine, does not appeal m hydiastinc, it is evident 
that the union is etfected thiough the two CHO groups or the 
carbon atoms of these groups. 

We develop, then, for hydiastinc the following constitutional 
formula, which differs from that of narcotine only in the absence 
of a melhoxyl group 


CH, 


LLO 


./O- 


CFL 




CH 

I 

CH—O 

A I 

-CO 

A-OCH3 


OCH, 
Hvdrastine 


2. Beeberihe. 

Berberine is one ol the few alkaloids that are found m a 
large number of plants It was discovered m 1826 by Chevalier 


'^FrU«;Lh, \ 286, r 
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and Pclletan in ihe baik of the piickly-ash {XaiUliovylum 
Clava-Hercuhs L , family of the Rutacere) and described by 
them under the name of xantho picnic Buchner in 1835 
noted Its occurrence in the root oi the common baibeiry (Berber is 
viilgans L ), m which it is the coloring principle and occurs to the 
extent of i 3%. Pciiins^^’ obtained it also fiom the loot oi the 
golden seal (Hydiastis canadensis L ) ( 49 ^), and from that oi 
Copiis icelo Wall (family of the Ranunculacere) (8-9%) E}k- 
man found it together with nandinmc in Nandma donieslita 
Thumb Other investigators have observed it in se^'eral plants 
belonging to the genera Coscuiinni, Cmlocline^ Coccidiis^ On\a^ 
Podophyllum, Geofjroya, etc 

The empirical formula of beiberine was for a long time m 
doubt, but this has now been established as C^oHiyNO, Tlie 
alkaloid ciystallizes in yellow pi isms or needles containing a 
varying amount of water of crystallization (4-6 molecules) In 
the anhydrous condition it melts at 120°. With chlorofoim and 
acetone it forms crystalline deiivativcs, which may he used for 
Its purification. 

Berberinc is little soluble in cold water, chloroform, and 
benzol, readily soluble m boiling water and in alcohol, insoluble 
in ether It is a w^eak, teitiary base, somewhat poisonous, easily 
oxidized and without action on polarized light. Physiologically 
it acts as a nephritic 

Its salts are yellow m color and possess a bittci taste 

Phosphorus pcntachloride, h3^droxylamine, and phenyb 
hydrazine are without action on berbciine, it conseciucntly 
contains neither a hydroxyl nor an aldehyde or ketone group 
There arc two mcthoxyl groups in the molecule (Zeisel’s method), 
but there is no methyl attached to the mtiogen 

” Chevalier and relletan, Journal dc chutnc nitdicalej 2, 314 
Buchner, A 24, 228 

’^Pernns, A Suppl 2, 172 
Eykinan, R 3, 107 

” Mossc and Tautz, Central-BIalt, T901, II, 7S6 
Gaze, Schrciber, and Siubbe, A Pharm 228, 604 
Ilerzig and Meyer, 18, ^79 
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Berbeime is not attacked by dilute acids, it is also unaffected 
by alcoholic or aqueous potash 

According to Bcinheimer and Boedeckei fusion with 
caustic potash or distillation over lime or lead oxide converts 
beiberine into a volatile base, which these investigators regarded 
as quinoline, but which was more probably isoqumoline 

By the action of caustic potash on berberine, there are also 
formed, according to Hlasiwetz and Gilm,"^ two aiomatic acids 
of the formula^ CgHyO, and CoH^Og Very little is known le- 
garding the constitution of these acids The firb.t, ^6 t66T/6 acid, 
has the composition and properties of a homopyrocatcchin 
carboxylic acid 

Hlasiwetz and Gilm observed furthermore, that berberine 
on reduction with zinc and sulphuric acid yields a letrahydro- 
derivative, hydrobet berinc, C,oH2iNO, This crystallizes from 
alcohol in needles which melt at 167°, it is a tertiaiy base and 
with weak oxidizing agents is reconverted into berberine 
The oxidation of beiberine affords us a better insight into 
the constitution of the alkaloid By the action ot potassium 
permanganate in alkaline solution Schmidt obtained two acids, 
hemipinic and hydiastic acids, which arc also formed 111 the 
oxidation of hydiastine 

Further, by the action of concentrated nitric acid on berberine, 
Weidel prepared berberonic acid, /?;n:-'pyiidine tricarboxylic 
acid (page 71). 

If we consider the formulae of these three oxidation-products, 


COOH COOH 



Hemipinic acid Hydrastic acid N 


Berbernnic acid 

Bernheimer, G 13, ^39 
Boedecker, A 66, 384, 69, 37 
^Hlasiwetz and Gilm, A 115, 45, 122, 256, Suppl 2, 191 
‘^Schmidt, B i6, 2589, A Pharm 225, 141, 228, (,96 
^^Weidei, B. 12, 410 
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\vc note that berbeiinc, like hydrasiine, contains three rings, 
a pyridine and two benzol rings. Of the latter, one possesses two 
niclhox}'! groups, the other the grouping 

In what way now arc these three rings united m the bcrberine 
molecule ^ This question has been answeied by the investiga- 
tions of Perkin, jun 

He undeitook anew the study of the action of permanganate 
on berbenne and succeeded in isolating the following si\ oxida- 
tion-pioducts in addition to the two acids described by Schmidt' 


Oxybeibcrine C2oH,7NO., 

Dioxy bcrberine 7NO0 

Berberal C20H17NO7 

Anhydroberbeiilic acid C2oH,7N08 

Bcrbciilic acid C^oHioNOn 

Beiilic acid C2oHir,N08 


Of these six deiivatives bcrberilic acid and berbeial have 
heen particularly studied, we shall here consider only the latter 
and shall lefci to the original articles in regard to the other mem- 
beis of the scries. 

Berhcral, C2„Hi7N07, crystallizes in plates which melt at 
150°, It exhibits the properties of an aldehyde and is insoluble 
in alkalies in the cold 

When boiled with dilute sulphuric acid it is decomposed into 
an acid and a nitiogenous derivative, according to the following 
'equation 


C2oHj7N07 +H2O C10H10O5 + C.^H^NOg. 

Berberal 

The body, CioHjoOs (needles, melting-point 121-122°), is an 
isomer of opianic acid (page 305). Perkin accordingly named it 
pseudo-opiamc and This acid is monobasic and contains an 
aldehyde group; its oxime, like that of opianic acid, on being 
heated yields hemipinimide. The isomerism of the two acids, 


Perkin, Soc 55, 63, 57, 991 
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then, probably depends on the different positions of the groups 
CHO and COOH 

COOH CHO 


CH3O— / CHO 

CH3O— / COOH 


CH.O-^-^y 

Opiamc acul 

Pseudo-opianic acid 


CO — NH 

I I 

CHgO-/ \ — CO 
CH3O-I y 

Hernipimmide 


This view in regard to the constitution of pseudo-opianic 
acid IS confirmed by its behavior on leduction with sodium amal- 
gam; It IS thereby converted into pseudomeconine (page 309): 


CH— O 



The nitrogenous product, C10H0NO3, resulting from the de- 
composition of berberme, crystallizes from hot water in plates 
which melt at 181-182^^ In its propeities it closely resembles 
oxyhydrastmme (page 317), from which it differs in composition 
by the absence of a CHg group. Perkin regarded it as noroxy- 
liydrasUmne. 


CH, 



In fact it may be converted into oxyhydrastinine in the follow- 
ing way^ As a secondary base it foims a nilrosamine, and this 
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on being heated witli caustic soda is decomposed into nitrogen 
and w-oxyelhylpipcronylic acid 

/CO— N-NO 

(CHjOj)C«h/ I + NaOH — 

^CH,— CH, 


/COONa 

(CH,Oj)C„h/ + 


If this lattci deiivative is now successively treated with phos- 
phorus pcntachloude and methyl alcohol it yields the methyl 
ester of oj-chlorelUyl pi peronylic acid. 

When this ester is heated with a solution, of methylamine 
to 130°, 

/COOCH, 

(CH.OOC^h/ + 2NH2CH3 — 

' \CH,— CH.Cl 


CH3NH3 HCl -i- (CH 303 )C„H 3 < 


■COOCH3 

CH3— CHj— NHCH3 


and the product thus obtained is treated with alcoholic potash, 
alcohol IS split off and oxyhydrastmine is formed. 


(CH302)C„H3< 


■COOCH, 

‘CH..-CH3-NHCH3 


Methyl ester of w-methvlamiJo ethylpiperonylic acid 


/CO— NCH3 

(CH303)CaH3< I + CH3OH. 

\CH3-CH3 

Oxyhydrastmine 


We saw above that bcrberal may take up a molecule of water 
and suffer decomposition into pseudo-opianic acid and noroxy- 
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hydrastiDine. This reaction is reversible and berberal may 
accordingly be synthesized from pseudo-opianic acid and noroxy- 
hydrastinine by the elimination ot water 

CioHjoOj + CiiiHbNOs ^ CjoHiyNO; H-HjO. 

Pseudo-upiariR and Noro'cyh vdrastmine Berberal 


Now, since the aldehyde group of pseudo-opianic acid is 
still present m berberal, the union has evidently been effected 
through the carboxyl group On the other hand, it is most 
probable that, from the molecule of noroxyhydraslinine, it is 
the imide hydrogen atom which has been eliminated The 
formation of berberal may then be represented as follows 


cite 


-O— 

-O— 



CO 


Noroxyhydrastinme 


+ 


CHO 



Pseudo-opianic acid 



Berberal 


The constitution of berberal being thus fixed, that of berberine, 
which contains three atoms less of oxygen, follows naturally, and 
we may with Perkin represent the constitution of the alkaloid 
by the following formula, which bears a close analogy to those 
of papaverine, narcotine, and hydrastme 
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CH, 



Berber! ne 


Somewhat differently arranged, the berberine formula may be 
expressed as follows 


O 



There appears here the atomic grouping 


HC 

HC 



CH 

CH 


which Perkin, regards as the chromophore group of berberine. 

According to this formula of Peildn, the berberine molecule 
contains an asymmetric carbon atom. The alkaloid is, however, 
optically inactive. Gadamei suggests that the free berbciine 
IS probably a quaternary base and is to be given the formula 
C 2 oH, 8 N 04 oh. The strongly alkaline, reddish-brown solution 
resulting from the decomposition of berberine acid sulphate 


2® Gaclamer, A Pharm 239, 648, Chcmische Zcitung, 26, 29 r, 385 
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th bariuiti hydroxide is supposed to contain this base, which 
‘ names berbennmin hydroxide. It this solution is treated 
ith excess ot caustic soda, anothei modification o£ berberinc 
obtained, which is insoluble in water, weakly alkaline and 
ppears to possess the character of an aldehyde. Gadanier 
anies this second modification berberinal. 

The relation between the two forms he expresses as follows 


Cl I, 


CH.O 



O- 


-CH, 


CH ,0 


C 

C CH C, 

I 1C 


Ul'^TJT 


\/c\/tK/ 
CH CH 1 CH. 
OH 

Berhennium hydroKide 


CH Clio CH; 
Berbennal 


CH. 


Berbennal may be reconverted into the hydroxide by simply 
warminp; it with water. 


3. Canadine. 

This alkaloid, which is found in small quantity in the root 
of HydrasUs canadensis, was studied by Schmidt in 189-1 
Its formula is C20H01NO4. It crystallizes in needles which melt 
at 1325° It IS a tertiary base, is optically active, and possesses 
two niethoxyl groups Its alcoholic solution is inactive toward 
litmus. 

An alcoholic solution of iodine converts canadine into ber- 
bcrine according to the following equation 

C2oH2iNO, + 2l2— CooHi^NO, HI + 3HL 

Canadine Berbennc hydnodide 

Canadine is accordingly a leirahydrobcrbenne , it differs 


Schmidt, A Pharm 232, 136 
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only in its optical aclnity fiom the h} droberberinc which results 
fiom th(‘ direct icduclion of berberine (page 322) 

Gadcimei has succeeded in separating inactive h}diober- 
berine into its active constituents The Le\o-modification 
pioves to be identical with canadine. 

4. Nandinine. 

Nandi nine was discovered in 1885 by Eykman in the 
loot ol Naudnia donicsiica, where it is found together with bei- 
beiine Its toimula is CiyH^jNO,, it is an amorphous base, 
insoluble in watei, but readily soluble in organic solvents It 
acts as a poison 


5. OXYACANTHINE. 

Oxyacanthine was first observed in 1836 by Polex in the 
root of the common barbeiry He ga\e to it the foimula 
CinHjjNO,,, and clesciibed it as an amoiphous substance melting 
at I It IS soluble in alkalies, insoluble in walei 

Hesse latei took up the study of the alkaloid and found 
that It occLiis in the plant in two forms one is amorphous and 
melts at 130°, as Polex had obscived, the other ciystallizes in 
piisins and melts at Foi both these modifications Hesse 

pioposes the foimula ChHi„NO,, they aie dextroiotatory and 
dissolve with great difficultv in alkalies Potassium or baiium 
h\ dioxide conveils oxyacanthine into a new, isomeric base, 
^S-oxyaraulhnie, which is chaiacterized by its gieatcr solubility 
in alkalies, it also occurs m two foims, of winch one is amor- 
phous (melting-point 150°), the other crystalline (melting-point 
213-21.1°). 

Oxyacanthine has also been observed in otliei species of 

Gfid.imcr, A Pharm 239, 6|.S 
Evkman, R 3, 106 

A Pharm [2] 6, 271 
HcSbC, 13 19 , ^^IQO 
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the genus Boberis RudeP" and Pommeiehne assign it the 
lornnila CiqHjiNOs, and the latter investigator states that it con- 
tains a hydioxyl (benzoyl deiivative) and one oi two methoxyl 
groups 

6. Berbamine. 

This alkaloid was isolated by Hesse from the loot ol the com- 
mon baiberry and leceived fiom him the foimula CisHp.NOj. 
It cn'Slallizes in leaflets containing two molecules ol walei ut 
crystallization The anhydrous alkaloid melts at 156° 


’"Rudel, \ Pluim 229, 631 
Pomraerehne, A Phann 233, 127. 
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ALKALOIDS FROM COR YD ALTS CAVA 

The loot of Co}ydalLs cava^ Scluvgg (family of the Fumana- 
cccie), contains the following eight alkaloids 


1 Corydaline 

C„I-L7N0, 

2. Coiybiilbinc 

C„H,,NOi 

3. Isocoiybiilbinc 

C„H„NO, 

4 Bulbocapnine 


5 Coiytubennc 

c„h„n:o, 

6 Coi yea vine 

C,3H„N0„ 

7. Coiycavaminc 

C,H„NO, 

8. Coi yd me . 

piobably C,iH,,NO, 


Corydaline, the principal alkaloid of Coiydalis cava, was 
discovcicd by Wackcniodei ^ in. 1826, its constitution, however, 
has been studied only within the last tew years 

Coi ylnbcnnc was isolated by Dobbie and Lauder^ in 1893, 
corybulhinc, bnlbota pninc, and coiycavine by Ficund and Joscphi 
in 1892, isocorybnlbnic and coi ycavaniinr hy Gadamei ‘ in 1901. 

In legal d to the quantity of alkaloids found in the Coiydalis, 
10 kg of roots yielded Ziegcnbein 57 gr of coiydaline, 41 gi of 
bull)ocapnine, 6 gi of coryca\ine, and 4 gi of corybulbine 


‘ WAictt-'nrorlci, Bi)::clui^ Jaliu shtmltf, 7, 220 

^Dolihn' and Lauder, Soc 6r, 241, 605, 62, 4S5, ^5, 57, 67, 17, 25, 71, 6c;7, 
75 » (^ 7 °, 70, 87, 8t, 145, 157, 83, 605 Proc Soc 15, 129, 16, 20^, 17, 
252, rg, 7 

^ Frainrl and Juscpln, B 25, 241 r, A 277, i 
'‘Gadanici, A Pharm 240, 19, 8r 
® Zcigtnbcin, A Plurm 234, 492 
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In the plant these alkaloids are in combination with malic 
and fumaiic acids 


I. CORYDALINE. 

Corydaline crystallizes from alcohol m prisms which melt 
at 134-1^35° If IS insoluble m water and alkalies, somewhat 
soluble in alcohol, readily soluble m cthei, chlorofoim, and benzol 
Its soliiLions possess a bitter taste and an alkaline icaction, 
they turn the plane of polarized light to the right It is a icrtiai; 
base, but there is no methyl gioup attached to the nitiogcn 
atom It contains four metho\yl gioups When the alkaloid 
IS heated with hydi iodic acid, these aie eliminated and theie is 
formed a new, amorphous base, corydaloluic, CyIii5N(OH)j 

An alcoholic solution of iodine oxidizes corydaline to a deriva- 
tive, dchyd}oooryd aline 

- C2.H27NO, + 2I,— C22H23NO, HI H-3HL 

CorydaUnc drucoryJalmu hydnodide 

Dchydiocorydaline closely resembles beiberine, like the latter 
alkaloid it torms yellow-colored salts, with acetone and chLorolorm 
it yields ciystallme derivatives Furthei, just as bcibenne on 
reduction is conveited into a tetrahydro-deiivatue, inactive 
canadine (page 32S), so dehydrocoiydaline by the action pf zinc and 
sulphuiic acid yields inactive corydaline (melting-point 134- 
135°) It has as yet been tound impossible to separate this 
inactive toim into active components" In some cases in the 
above i eduction Gadamei ^ succeeded ajiparently in obtaining 
small quantities of a second mactne coiydalinc (melting-point 
158-159°) This last he claims to have sepaiated into its optically 
acLiNC constituents 

Possibly the inactivity of the foim melting at 134-135° is 
due to intiamolecLilar compensation, as in the case of mcsotartaiic 
acid 


® Marlindjlc, \ Pharm 236, 21-1 
^ 0 aria I nor, A P'larm 240, tq 
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The close iclation of condalinc lo bcrbeiiiic is shown in 
its oMclalJun-pioducts 

When coiydaline is oxidized with potassium peimanganatc, 
thcie are ioimcd, among olhei pioductb, hemipinic acid, 
mctahcmipinic acid, and a nitiogcnous pioducl, co) ydaldnic, 
CnH„N03. 

The toimation lieic of hcinipinic acid, as al-io ot metahemij)inic 
acid, points to the presence of two benzol rings in the alkaloid. 
It ina}^ be assumed lurlhei that the benzol nucleus oi the meta- 
hemipinic acid was in coiydaline pait of an isoquinolinc iing, 
since metahemi[>inic acid is the oidinaiy oxidation-pioducL of 
ibOC|Liinolinc Light has been thrown upon ihebO inlei cnees 
fiom a study of the nitiogcnous piodiict, coiydaldine 

Cui^'daldme is a neutial body which melts at 175°, u does 
not leact wntli phcnylh3'(lrazine, it contains two methoxyl groups, 
but no methyl attached to the mtiogeu^ Its nitiogen atom 
IS secondaiy in chaiacLei The lotmuLi of corydaldme may 
accoidingly be icjucscnted as C(JToO(NH)(OCH,)j 

In all its behavioi coi3daldjne beais a close rcb^emblance to 
11010x3 h3Thastinine, C10H7NO,, .^24), and in Us composition 

dilieis liom the lallci only m the caibon and hydiogen content 
CH, Since furlhei noioxyh3draslinine possesses no methoxyl 
gioup, while coiydaldine contains two, it seems not impiobablc 
that the latter dil'leis fiom the former by the presence of two 
methoxyl groups m place of the dioxymethylene gioiip 


CII 


/O— 

‘\o— 



CO 

CH3O— \nk 


CH, 

N(>rn\yliydrfitiimint2 


CH, 

Corydaldme 


Corydaldme like noioxvli3^diastiiiine foims a nUioso-deiiva- 
tive This deri\^ali\e with sodium hydroxide loses nitiogen and 
cxpeuenccs a change like that winch occuis in the case of the 


MleL/112; and Meyer, M 18, 38^^ 
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iilroso-den\ alive of noioxyhydrastinine under the same treal- 
iicnt 324) 

CO 

Nnno ch,0-,/\— cooh 

+ H,0-» 4- NT, 

/'CH, - /!— CH-CH.Otr 

CHt oj 0\\ l ihylvi^rati iL i^id 

Nitn 1L.1 iLOi ydaldine 


This h3'pothctical acid, however, is immediately convened 
oy loss of water into oj-oxyclliylvcralnc anhydride 


CO 



CH, 


This anhydride melts at 138-139°, is little soluble in cold but 
eadily soluble in hot water It contains two niethox^d gioups, 
ind when heated with hydiochloiic acid to 150° it is convened 
nto a phenol deiivative Oxidation oi the anh3diide with 
Dotassiiim pcimanganate gives use to metahemipinic acid 
As vtif corydaline has not been synthesized liom corvdaldine 
Dobbic and Lauder ofler provisionally the following ioimula 
Lor corydaline. 


CH 


CII 3 O— C 
CHjO—C 


HC, 

c\ 

FLc/ 
CH HCl 

UJ 

CH CH, 

Corvdaline 


C-OCH 3 

C—OCH, 


1^ 


CH— CI-L 


N 

CH, 


2. CORYBULBINE. 

This alkaloid has been studied chiefly by Dobbie and Lan- 
ier and by Ziegenbem Unlike coiydahnc, it is little soluble 
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in alcohol, almost insoluble in water and ether, but readilj soluble 
in chloiofoim and benzol Corybulbine is light yellow in color, 
incite at .\:;S-239°, and is de\tioiotatoiy 

The alkaloid closely resembles coiydalme, and like the latter 
is a leitiaiN base. It difteis fiom coiydalme in that it possesses 
three metho\\l gioups and leadily dissolves in alkali 

Coij’liiilbine is the lowei homologue ol coiydalme, as is shown 
by Its comeision into the latter on tieatment with methyl iodide 
and potassium hj dioxide 


Corj'daline C,jH„N(OCH3), 

Coiybiilbine C,8H,3N(OCH,),(OH) 


3. ISOCORYBULBINE. 

Isocoiybulbinc ciyslallizes in leallets which melt at i79-iFlo°. 

It contains thice methoxjl gioups It closely lesembles coiy- 

bulbine in optical activity, the specific rotation of the two bases I 

being almost identical J 

I 

!. 

1 

4 Bulbocapnine. i 

I 

RccrysLallizod Irom alcohol oi chlorolorm, biilbocapniiiej ' 

CioHinNOj, melts at iqq® It dissolvesN leadily m all soheiUs 
except water, it js dcxLioi otatory 

Its solution m alkalies is giecn. in coloi It is a lerliaiy base 
which contains a niliogen-mcthyl gioiipJ’ Iodine is without action 
on the alkaloid On ticalmcnt with acetic anhydiidc, thcie is 
formed a tiiacctyl deiivative, bulbocapnine accoidingly contains 
three hvdroxyls In addition to these there is a rnethoxyl gioup, 
so that the formula may be lesolved into CibH,3N(OH)3(OCH3). 

5. CORYTUBERINE. 

Corytiiberine melts at 2-10"^, it is soluble in alkalies and 
contains two rnethoxyl gioups, it is optically active 


° Her/ig and IMcvor, M t8, 386 
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6. CORYCAVINE. 

Corycavinc, CosHo^NO^, forms needles or plates which melt 
at 216-217°, It IS insoluble in walei and alkalies and but iittle 
soluble in alcohol and ether It is a strong, tertiaiy base The 
alkaloid contains no methoxyl group and is not oxidized by 
iodine. 

7. CORYCAVAMINE. 

This base crystallizes in ihombic prisms melting at 149° 
It IS optically active, tieatment with acetic anhydiide rcndeis 
It optically inactive The i-corycavaminc melts at 216-217° 


8. CORYDTNE. 

Corydine crystallizes from absolute ether It melts at 129- 
130°. Its salts are difficultly soluble in water. 



CHAPTER XXVH. 


THE CINCHON'\ \LK \LOIDS 

The barks of seveial trees which belong to tlie genera Cinchona 
and Remijia (fainilv of the Rubiacere) ha\e been cmplo3Td 
in Europe as a lebrituge since the middle of the seventeenth 
century They contain a large numbci of alkaloids, all ot which 
bear a close chemical lelalion to one another 

The habitat of the tices bearing the cinchona and allied baiks 
IS South America In the latter half of the last centuiy, how- 
ever, these tiees had become almost e\terminatcd and an attempt 
was made to tiansplant them to India This expciiment has 
pioved most successful 

The generic name Cinchona was given in honor of the 
countess of Chinchon, the vice-queen of Peru, who in 1638 is 
said to have been healed of a lever thiough the use of the baik 
From this incident the cuiatne properties of the different barks 
became gcncially known in Euiope. 

There are at present known twenty-one well-defined and 
chaiacteiistic cinchona alkaloids These may be sepaiated into 
SIX diltcicnt gioups according to the composition of the alkaloids 
and according to the nature ul the dccomposition-pioducts which 
are produced by the action of mineral acids Each of the fiist 
thiee groups contains a sub-group, which differs from the mam 
gioup only in possessing a slightly gi eater amount of h}diogen 

Group I CiyHjoNaO, or CioH2iN2(OH) 

T Cinchonine. 

2. Cinchomdine 

Sub-group CigHa^NoO. 

3. Cmchotine 
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4. Cinchamidine 

5 Cinchonamine 

Gioup 2 Cj^oHjoNoOt) or C 1 i)FIi()N2(OH)2» 

6 Cupreine 

Sub-group CiuHojNjOo 

7 Quinamme 

S Conquinamine 

Group 3 CooH^^N^O,, 01 C,,H2oN2(OH)(OCH3) 

9 Quinine 

10 Quimdine 

Sub-group CaoH^oNsOj. 

11 Hydroquinine 

12 Hydroquin id me 

Group ^1 C22 H^i3N204. 

13 Chan amine 

14 Chaiiamidine 

15 Concha 11 a mine 

16 Conchaiiamidine 

Group 5 C23H26N2O4. 

17 Aiicinc 

18 Cusconme. 

iq Concusconme 
Group 6 

20. Homoquinine .. 

21 Diconqummc C^oHk^NiOj. 

In addition to these alkaloids there is found in the cinchona- 
barks a laige number of substances which do not contain nitiogcn 
r \c1d3 (quiniCj qumoviCj qumotanniC; qumovatanmc, cal- 
feic, oxalic) 

2 Nciitial bodies (quinovinc, quma-icd, qumovic-red, cincho- 
cerotine, cincliol, cupreol, cholestol, etc ) ^ 


‘ Thoms, A Pharm 235, 39 
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I. Cinchonine. 

Cinchonine was obtained m 1S20 by Pelletier and Cavenlo 
ironi gia\ (juina It is loiind in the baik of most ot the Cniciio 
and Remijia species and is extracted fiom the molhei-lKiuoi 
the piepaiation ot quinine 

The torimila first pioposed for cinchonine was that of Lauici 
Ci.jHijNjO This was followed by the loimiila C2oITiNj' 
wfiiich was advanced by Regnault In iSyg, how^evei, Skiau] 
showed that the oiiginal formula, CiyHo^^N^O, was coirect T 1 
It IS winch IS now accepted 

Cinchonine ciysLallizes fiom alcohol in anh3^diOLis piisi 
which melt at 255° In an atmospheie of hydiogen, 01, bettei, 
vaciio^ it can be distilled without decomposition It is alnu 
insoluble in watei and alkalies, little soluble in ether, chloiotoii 
and benzol, somewhat moie soluble in alcohol, its best solve 
IS a mixtiue of alcohol and chloioform 

It IS a somewhat stiong base, diacid and biteitiaiy Its s< 
solutions do not lluoiesce Unlike ([uinine, it gives no coloi rea 
tion w'lth ammonia and chloime Both the fiee alkaloid and 
salts are dextioioiatoiy Its rotatoiy power has been employ 
quantitatively m deteimining tlie chinchonine in a mixtuie 
cinchona alkaloids Its physiological action is similar to th 
ol quinine, but is less pionounced 

Cinchonine contains no methoxyl group, hydrochloiic ac 
at 150° IS without action Its oxygen atom is in a hydrox 
gioup, Schiilzenberger ‘ prepared a monohcnzoyl and Hes3( 
a nwiiacclyl dcnva/ivc 

Isomeric Transformations of Cinchonine — Vaiious chcmic 
reagents conveil cinchonine into isomeric dciivatnes 


\ - Pollcticr and CavenLou, \ ch [2] 15, 2QI, 337 

J 2 SI raup, ^ 197, 353 

SchuUenbcrgLi, C r 47, 233 
I Ui^sse, A 205, 321 
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When cinchonine is heated foi fifteen hours with an amyl 
alcohol solution of caustic alkali, a part ot the alkaloid (about 5%) 
IS tiansformed into the isomeiic ciuclioiudinc^^ 

Anothei isomer, ciiitlioiiicnie, is toimed by heating cinchonine 
with veiy dilute sulphuric acid at 130°” This translormalion to 
cinchonicine is effected still moie easily if cinchonine sulphate 
01 tailrate is heated Cinchomcine has been studied chielly by 
Hesse, Howaid,'' Roques, and by von Miller and Rohde 
It has been shown to be identical with ciutholo^nie (page 

353) 

Cinchonidme and cinchomcine are, however, by no means 
the only isomers ot cinchonine that aie known Indeed, neaily 
twenty isomeis ha\e been desciibed which are ol^tained tiom 
cinchonine by the action ot alkalies or of halogen acids ni ot 
sulphuiic acid at ditleicnt concentrations and at ditleient lempei- 
atuies 

Furthei, when cinchonine is heated with water to 140-160^, 
isomeric bases aie formed, also under like ticatment one isomer 
may be conveited into anothei 

It IS not our purpose to consider all these deiivatives, which 
have been described undci such names as pseudo-cinchouivc 
{cLiiclioti 7 ic), Umtociiichonine^ a- and p-isocnithonmc^ a potni- 
thoninc [allocinchoiunc), cniclionigine, cnichonilinc, honwcin- 
cJionine, dicnichonuic^ etc , and which ha\c been studied by 
Hesse, Skrau]),^^ Comstock and Konigs/‘ JungOeisch and 


" Koiiigb and B 29, 21S5 

M^abi(‘ur, V 1 32, no 

-V 166, 277, 178, 253 
° Huwaid, Sor 25, 102 

‘“Rutiles, r r 120, 1170, \ ch [7] 10, 234 
von Makr and Rohde, B 33, 3214 

'“He^se, '\ 205, 330, 227, 153, 243, 131, 260, 213, 266, 24s, 267, T42, 
276, SS 

'^Skraiip, \ 20X, 2gi, B 25, 2909, M 12, 431, 18, 411, 20, 371, 585, 21, 
312, 22, 171, 233, 1083, 1097 SLraiip and Zwerger, 21, 535, 23, 453 Zwerger, 
M 24, 1 19 

Comstock and Kunigs, B 20, 2510 
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Legci/’* Pum/'^ Lippmann and Fleissnur/' Lowenhaupt and 
othcis'*’ The investigation of these isomcis of cinchonine is 
fai tiom complete Above all, we arc ignoianL ot the cause ot 
thib vaiied isomerism, although e\planations have been attempted 
It IS not impiobablc that lutiue study will decrease the number 
ot these isomcis by showing that some ot them aie identical 
with one another The number of stereoisomeis possible trom 
the asymmetry ol caibon atoms in the cinchonine molecule is not 
grealei than eight 

Addition-products of Cinchonine. — Cinchonine contains an 
ethylene gioup. By the action of chlorine or Iiromine in the 
cold addition-products arc toimed winch contain two halogen 
atoms The dichloiide and dibiomide are crystalline deiivatives 
which aie somewhat unstable and which behdvc as diacid bases 

It cinchonine is tiealcd in the cold with the halogen acids 
(concentiatcd solution) theic are loimed salts ol new bases 
These new bases are the addilion-products ot the alkaloid with 
the halogen acid and contain one molecule ol h^'drogen halide 
The acid molecule may be eliminated by tieatment with alkalies, 
cinchonine, howcvei, is only regenerated in pait, the chief pioduct 
being a mi\tuie ol isomeric deiivatives 

Cinchonine also adds hydrogen under the action of sodium 
amalgam 01 sodium and alcohol The deiivatives thus toimed 
(Jiliydiocincliofunc, ULniJiydrotnichouDio) have been little studied, 
they appeal to be secondaiy bases None of them, howe\ei, is 


Jung(lcis>r h an<l LLg(*i, C r 105, 1255, 106, (^ 57 . Nio, 108,952, 112, 

942, IT3, 651, 114, ric)2, 117, 29, 536, 119, 126S, 120, 325, 132, 4[0 

Pum, INI 12, 5S2, 13, 076, 15, 416 

‘M^ippmanii aiiJ PlLi^sncr, JNI 12, 66i, 13, 429, 14, 371, B 24, 2827, 26, 
2005 

Lo\\tnhau[)l, M ig, ^6i 

“^Non ^lit, AI 20,42s Langt-J, ]\r 22, i5r ^rpad \oii Pcssic';, M 23, 4^ ■; 
"“Skraiip, B 35, 3C)8[, 36, 14 1 

Lauicnl, C i 20, 1586 Comstock and Kunigs, B 17, 1984, rg, 2853, 
20, 2510, 25, 1530 

Zorn, J pt [2] 8, 279 Skiaup, B ii, 31 1 koneck von Nonvall, ]M 
16, 321, B 28, 1637, iS^3 Hcssl, B 28, 1424 
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identical with any of the natuial alkaloids, cincholine, cinchami- 
dine, and cinchonammc 

Action of Alkalies on Cmchonine.—This action was one of 
the cailiest studied in the field of alkaloidal chumistiy It was 
employed m 184a by Geihardt m investigating the constitution 
of cinchonine, in 1855 by Williams/' and moie lecentlv by Bul- 
leiow,"’’ Wischncgiadskv,-*' Oechsner,-’' HoogeweiU and van Doip 
It cinchonine is distilled with caustic potash, iheic passes 
o\ei fiist a (tuantily of quinoline, in the letoit theie remains a 
solid mass, which at a highci lempeiatuie is likewise decom 
posed, yielding ('/ 9 -cthylpviidine), and Iea\ingas lesiduc 
a mixtuie oi potassium acetate, pioi)ionale, and bul)iate 

Quinoline and /?-lulidinc aic, howevei, not the only volatile 
deiivatives obtained m this distillation Williams has slioun 
that ihcic aic also loimcd lepidine (^'■-mclhyhjuinolme), p\uiol, 
pyiicline bases (pyiuline, picohnc, collidine), and an entiie sciies 
ot highci quinoline dei natives 

Oechsner isolated iiom these distillation-pioducts a hiliduic, 
a collidine, and a base, Cj/luN (piobably Icluihydioqiiinolnic), 
\Ni: may add fuithci that, accoiding to Wischnegiadsky, 
when finchonine is distilled ovoi caustic potash and cojjpei 
oxide, only quinoline is formed, that, accoiding to Moogeweilf 
and ^'an Doq), distillation with lead oxide gives use to lepiclmc 
alone, and finally that, accoiding to Michael, when cinchonine 
IS healed with alcoholic potash, it gives a clciivatnc, or 

(CiJ-I.iN,)(C 2H5), which on Jusion with caustic jxitasli yields 
the same mixluie of bases as docs cinclioninc itseli under simiku 
ticatment 


Gerhanlt, \ 42, 310, 44, 279 

Chcniiatl News, 44, ^07 J 137 

BuLlcrow, B ii, 1253 
'’MVischnegrafKM, B 12, r48o, 13, 2^0 

'^Oochbnor, C r gi, jgC), 92, 413, 94, 87, 95, 208, 96, 200, 137, 98, 235, 
1 4 38, Q9, 1077, 100, 806 

^MloogLWLTll aiul van Doip? R 2, r 
^“Alicliapl, “Vm Chcni Jour 7, 183 
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Distillation of cinchonine ovei zinc-dust converts the alkaloid 
into quinoline and a small quantity ot i)icolinc 

Oxidation of Cinchonine. — i Putasbium pcimanganate in siil- 
phuiic acid solution acts upon cinchonine in the cold \n atom 
oi caibon is split ofl as formic acid and the remaindei of the 
molecule is oxidized to cinchotcnuic, 

C 11)1^22^2^ +<1 ] O ► C (1^1003 + CHj02 

Cinchonine CinchuUnine Formic acid 

Cinchotcninc was first obtained by Ca\^cnlou and Willm,^*, 
It has been studied by Skiaup Tt crystallizes with three mole- 
cules of water in needles or leaflets, il is somewhat soluble in 
water, melts at 197-1 q 8°, and is dexlioiotaloiy It is nculial 
in reaction, dissolves in both alkalies and acids, and forms a 
bileitiaiy base 

Cinchoteninc still contains the alcoholic hydroxyl of cincho- 
nine, since it forms an acctvl deiivative. FuUher, when benzoyl- 
cinchoninc is oxidized with poiassium pcimanganate it }ields 
brnzoykinchoteiinic^ which is decomposed by hydiolysis into 
benzoic acid and cmchotcnme 

Cinchotcninc possesses also a caiboxyl group, since it is 
con\ cited into an ester with alcohol and hydiogen chloiide 

It forms no addition-pioducL with hydiiodic acid, it con- 
sequently, unlike cinchonine, contains no double bond Fiom 
this it IS highl\ probable that the reaction which causes its foima- 
tion depends on the cornersion of a side-chain, — CH^CFL, 
into a carboxyl gioup 

CnH,sN,(0H)(CH:r=CH2) -> C,,U,,N,{OK){COOH) 

Cincliuiiinc Cincholt'nin«'* 

On more energetic oxidation cmchotenine yields the same 
derivatives as does cinchonine undci like treatment 


Filet j, G II, 20 

CavciUuu and Willm, B 1 [2] 12, 21 \ 
^“Skraup, A 197, 376, B 28, 12, M t6, 159 
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2 By heating cinchonine sulphate with tourteen paits of 
dilute sulphuric acid ior two days, Jungflcisch and Legcr 
obtained two oxidation-pioducts of the tormiila Cp^HooN^O^;, 
a oxycnithonine and [i-oxytmclionuic (at the same time there 
aie formed three isomers of cinchonine, cinclioiufinc, cmchonignie^ 
and cinihonilinc) a'-0\\ cinchonine ciystallizes fiom alcohol 
in prisms which melt with decomposition at 252°, it is dextro- 
rotatory and forms a diacetyl deiivatne, it accordingly contains 
two hydroxyl groups / 3 - 0 \ycinchonine crystallizes in needles 
which melt at 273°, it also yields a diacetyl derivative and is 
dextrorotatory 

3 When cinchonine dibromide (page 341) is treated with 
alcoholic potash, two molecules of hydiogen bromide are lost 
and a base is obtained which possesses two h\drogen atoms less 
than cinchonine and which Comstock and Konigs called 
dehydiocinchonnic 

Ci,N33Br,N,0-b2K0H— CinH3,N30 -H2KBr-f 2H3O 

Cinchunine dibromidc Dchydn^nnchoniiie 

This derivative melts at 202-203°, it piobably contains an 
acetylene bond, — C=C — , instead of the ethylene of cinchonine, 
since oxidation with potassium peimanganate converts both 
bases into the above-mentioned cinchotcnine 

j\ When cinchonine is oxidized with chromic acid, the alkaloid 
IS conveited to the extent ot about 50% into cinchomnic acid 
(;'-C[uinohne carboxylic acid, page 104) 

Cinchomnic acid is also formed by heating an acidified solution 
of cinclionine with potassium permanganate There are obtained 
at the same time a-tarbocinchomcronic acid and cnicliomciouit 
at id 


^^ Jungflcisch and Legcr, loc cil 
Criinsiock and Konigs, B iq, 2S53, 20, 2510, 25, 15^9, 28, 19S6 
^'‘Konigs, B 12, 97 Skraup, B 12, 230, ^ 201, 291 Konigs and Lo^sow, 
B 32, 717 

‘^'^Cdventou and Willm, B 1 [2] 12, 214 Hosst*, \ 176, 232 Dobhie and 
Banisa>, Soc 35, 1S9 
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From the oxidation of cinchonine with dilute nitric acid, 
WeidcJ also secured the acids, cinchoiunic^tx-carbocincliomcrouic^ 
and cinthomaonic In dddition to these he toiind the bodies 
qiiinolinu at id. a niln>dio\yqiiuioli}u\ and a base of the tornnua 
Ch,h..n,(:), 

The constitution ot thiec of these acids we have already 
discussed (pages 6r, 62, 67) 


COOH 

1 

coor-T 

1 


1 

COOH 

1 

\-COOH 

COOH 

/—coon 

V 

COOH 

N 

N 

N 

a Carbocjnchomcronic acid 

Cmchomeronic acid 

Quinolinic acid 


Now these thicc acids lesult from the oxidation of cinchoiumc 
acid, the lattei alone is the product unifoimlv obtained fiom 
the action of all stiong oxidizing agents on cinchonine Hence 
it follows that cinchonine is a (luinoline derivative, possessing 
in the y position a sidc-(diam, which oxidation conveits into a 
carboxyl gioup This side-chain contains the hydioxyl of cincho- 
nine, foi, li It weie in the quinoline nucleus, it would appear 
in the oxidation-product and iheie would result an oxycinchoiiinic 
acid instead of cinchomnic We thus arrive at the following 
formulcT 


coon 



Cmchoniiiic acid 



C,oH,5(OH)N 


5 As we saw above, when cinchonine is oxidized with chromic 
acid theic is formed a quantity of cinchomnic acid which coiie- 
sponcls to about one-hall of the weight ot the alkaloid The 
remainder of the reaction-product is a sirupy mass, which shows 


WlkJcI, a 173, 70 
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no tendency lo crystallize It cvidenlly contains the oxidation- 
])ioducts of the giou[) CioHirj(OH)N Man}' attempts ha\e 
been made to obtain fiom it well-defined derivatn^es, which might 
ahoid some indication at least legarding the constitution ot 
this so-called “second half” of the cinchonine molecule 

Weidel and Hazuia distilled 580 g ot the siiup o\ei zinc- 
dust and obtained in the distillate a mixtuie of substances liom 
which they w'cic able to isolate 30 g ol quinoline, 35 g ot . 9 -ethyl- 
pyiidine, i g ot pyridine, and tiaces of pyriol 

Comstock and Konigs derivi'd fiom the siiup, on addition 
of biominc, tw^) biomine derivatives of the foinuila" CJii^Bq.NO 
■fffljO and CioH,jBi^NO The lattei of these is piobably a 
lnh 7 oniox:y!rpidi}ic 

In his study of cinchonine, Skiaup obtained icsults some- 
w'hat moic satisfactoi} , he succeeded in isolating tiom the siiiqjy 
mass the following foui bodies 

1 Kyniiiuic (y-o\YC|uinolinc, page 87). 

2 Cimholoi pone, a base of the foimula CoH,7N02 

3 CiiicJioloi pome acid, a dibasic acid, CyHiaNO, 

4 Loipomc acid, a dibasic acid, CytlnNO, 

Ot these dciivalives only the two latter can be rcgaidcd as 
oxidation-products of the second half of the cinchonine molecule 
It has been tound on the one hand that kynuunc is a decomi>osi- 
tion-pioduct ol cmchoninic acid, a small quantity oi which would 
easily lemam in the simp, and on the othei hand that the foima- 
tion of cincholoiponc aiises fiom the picscnce of a little cinchotine 
(hN'diocinchomne), which is contained 111 commercial cinchonine 
Pine cinchonine does not yield cinclioloiponc on oxidation 

Finally Konigs obtained fiom ilie siiiq) a deiivativc -whose 
composition is C^Hir^NOj, and which he named mooquincne, 

CiuUioIoiponiu acid, loipomc acid, and weroquincnc are ac- 


\V(Mflrl and Hrizura, M 3, 770, B 16, 84 
Ctjm^tock and Konigs, J 3 17, 198^ 

“'Skraup, T\r 7, 517, 9, 7S3, to, 39, 220, 16, 159, 17, 365, B 28, t 2 
-I* Konigs, B 27, 900, 1501, 28, 1986, 3143, 3143, 30, 132O, 1332 Konigs and 
Hoppner, B 31, 2358 
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coitlingly the tiuc (mcLUion-piorlucls ot the atomic complex 
Cj,)Hi,iNO of cinchonine We shall now considci these sub- 
stances moie caieliilly 

Cmcholoiponic Acid, CyH^NO,, ciystallizcs tiom an aqueous 
solution in pi isms which contain a molecule ot watci and which 
melt at 126-127°, the anhydious acid melts at 225-226° It is 
dcxtiorotatoiy, attei fi\e houi^’ heating with potassium h} dioxide, 
howcvei, it becomes Lex'oiotator^ 

It unites vMth both acids and bases It is a secondaiy base 
(loimation ol a nitiosamine, acetyl and benzoyl derivatives) and 
a diljasic acid 

NH CJ-I,o(COOH)2 

The two caiboxyls probalily stand in an t?;/^^i-posilion to 
each olhei, since healing the acid with icsoicin and zinc cliloiide 
01 sulphuiic acid gives use to a Huoiescein loimation 

Cmcholoiponic acid is a salinated denvxitivc ot gicat stability, 
neithci chioniic acid noi sodium amalgam aH'cct it and bromine 
and hvTliiodic and act upon it only at a very high tcmiiciatuie 

When the hydrochloiide of cmcholoiponic acid is heated 
to 260-270° with dilute sul[)huiic acid, thcic aie loimed j-picnhuc 
and two isonicnc acids ot the formula CytliaNOj (pipecoline 
monocaiboxylic acicP) 

Cmcholoiponic acid accoidingly appears to be a 1 pipccolive 
dita}bo\yli( and 

By the action ol potassium permanganate in alkaline solution 
cmcholoiponic acid is conveited into its lower homologue, loipomc 
acid, 

CJ-T „NO, -I- 3O — iNO, + CO. -hH^O 

CiiiLliLildipunic ai-iU LiJiponiL acid 

Loiponic Acid, C^HnNO,, civstallizes ttom watei m piisms 
which melt with decomposition at 259-260° It is dibasic and 
contains a NH gioup (acetyl dciivative) Fiom its composition 
and piopeities loiponie acid a])peais to be a pyiidme dlcarbox^]lc 
acid and this view is confirmed by the expeiimenls of Konigs 
Loi[)onic acid is sleioisomciic AVith hcxahydiocinchomcronic 
acid (page 64), by the action of potassium hydioxide both acids 
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aie icadily conveiled into the same derivative The new acid 
ciystalhzes trom walei, 111 which it is somewhat diflaciiltly soluble 
in the cold, and melts at 275° 

Fiom these data cincholoipomc and loiponic acids may be 
represented by the following formuhe 


HnC, 


y 


,CH,— COOH 


CPI— COOH H.C 

01 

CPI, IIjC 


NPI 


II^C COOPI 

^\cH— COOH 
NH 


Cincholoipomc acid 


II 


H COOH 

\c/ 

COOH 


PI.C'v 




NH 


Luipomc. acid 

(HL\.ahvdruLinchomeronic acid) 


Of the two formulae foi cincholoipomc acid, Skraiip has 
shown that the 61st is piobably correct By the action of caustic 
potash on the methyl iodide of meihylcincholoiponic cstcr^ he 
obtained an acid whose general piopeities led him to regaid it 
as a jientcimethylene derivative. The reaction he represents as 
tollows 


H CH— COOH 



CH— COOH 


H,C 

H^C 


CPI -COOH 
CHo 


N— I 


CH, 


\ 


CH, 


Methvl iodide of mcthylcincho- 
loiponic acid 


HI + 



CH— COOPI 
CH. 


or 


N 



Sbraup, 'M 21, 879 
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H 


CH.-rOOH 


H,C 

PIoC 


CH-COOH 

CH 


N 



Pusccl with potassium liydioxide, the new derivative is de- 
composed into dimclhylaminc and a tnbasic acid, whose constitu- 
tion as Jio ir,h()wed latei by a synthesis of the acid is cxpiessed by 
the loimula 


I-I CH,— COOH 

H,c/'XjCH— COOH 
HOOC CH, 


It IS difficult to sec how an acid of this constitution could be 
foimcd here il the constitution of cincholoiponic acid is repre- 
sented by foinuila IT 

Meroquinene, C,,Hir,N02, crystallizes from methyl alcohol 
in needles which melt at 222°, it is de\tiorotalor\', in its action 
luwaid litmus it is neutral It yields a nitiosamme and an acetyl 
dcnvativc; it is consequently a secondary base It is, howevei, 
at the same time a pronounced acid, it possesses a carboxyl 
p!;ioup, since wanning it with alcohol and hydiochloiic acid 
conveits it into an estci, also by the action of hydrochloric 01 
hydiobioinic acid the callx)x^l gioup may be eliminated 

On distillation with zinc-dust it yields a p}^ridine base, prob- 
ably (i-httidiuc 

On heating nicioquincne with hydiochloiic acid to 240° 
with 01 without the addition of meiciiiic chloride, Komgs ob- 
tained a base of the foimiila ChHuN, which he regarded as 
identical with /?-collidine (;'-nicthyl-/?-ethylpyndine, page 42) 
Oxidatioj^ conveits this base into honionicolimc acid (pmcthyl- 
/?*p}ndine caiboxylic acid) and cmtbomcionic acid. 
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From its composition and from these different leactions 
it follows that meroqumene is a derivative of a leduccd pyiidine 
ring, that in the j^-position of this ring theie is a methyl gioup 
and in the / 9 -position a chain of two caibon atoms, and that, 
fuithcrmore, the base possesses a caibox}! group. 

By the oxidation of meioquincne \\ith potassium peiman 
ganatc, cincholoipomc and formic acids are produced 

+ ChHi3N0, + CHA 

Meruquinenc CincholoiponiL Furniic 

and and 

This reaction lecalls the transformation of cinchonine into 
cinchotenine (page 343), whereby a CH2=:CH2 group is con- 
verted inlo foimic acid and a carboxyl group 

All these facts point concordantly to the following foimula 
for meroqiiinenc 


H CH.— COOH 


H,C rOOH 



\ / 

n„c/\cH-CH=CH„ 

(less probable) 

HoC CH— CH=CH, 

H„c'v jcH, 


H,cl ^'CH, 

NH 

Meroqumene 

NIT 


Thus the foimulce of cincholoipomc acid, loipomc acid, and 
meroqumene appear to be faiily well established. 

It 15 notewoithy tliat in all thiee substances the imide group 
NFI'OCClus, while cinchonine itself is a biteitiaiy base. It is 
impossible to consider heie that a change has been bioiight 
about similai to that in which tropinc is translormed into tiopige- 
nine and in which a mtiogen-alkyl is eliminated, since cinchonine 
contains no such gioup Farther on we shall note an explana- 
tion winch has been proposed by Miller and Rohde to account 
for the above 

Briefly to summarize, the data contiibuting to our knowledge 
of tlic constitution of cinchonine fiom a study of the oxidation- 
products ot the alkaloid aic as iollows 
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The molecule of cinchonine conLains a c[uinoline and a piperi- 
dine nucleus The two nuclei are united by a chain of two or thiee 
caibon atoms, which is attached on the one side to the 7 -carbon 
atom of the Ciuinoline, on the other to the /■-caibon atom of the 
pipendine On oxidation this chain is ruptured and tioin it 
result two carboxyl gioups, one of which is found in the cinchoninic 
acid, the othei in the meroc[uinen.e In this chain also must he 
the alcoholic h}dio\yl ot cinchonine, since this does not occur in 
eithei ot the two oxidation-pioducts considci(‘d 

Quaternary Derivatives of Cinchonine — As a hiteitiaiy 
base, cinchonine can form addition-products with two molecules 
ot an alk}'l halide It, howevei, the action takes place at the 
oidmaiv Lcmpeiatiiie, monoalkyl derivatives result, while the 
dialkylatcd bodies aie formed only at a highei temperature (150'^) 
These ([uateinaiy deinalives have been studied by Stahlschmidt 
and by Claus and his students'*'' 

Since the two nitrogen atoms m the cinchonine molecule 
occupy lelativcly difleicnt positions, it is evident that the mono- 
alk}l cleiivativcs should exist in two isomeiic forms, accoiding 
as the alk}l halide is attached to one or the other mtiogen 
atom Skiaiip and Konek von Noiwall ha^e indeed succeeded 
in piepaimg two isomeiic monoethyl derivatives It cinchonine 
and C'lhyl iodide die biought togethei directly, a diftcient deiiva- 
iive IS obtained than w'hat is foimed when the monohydiiodidc 
of the alkaloid is heated with ethyl iodide in excess In the 
laLtei case theic is iormed a salt, CmH^oNjO HI C^Hgl, wd\ich 
ammonia 01 sodium caibonatc conveits into the ethyl iodide 
Cn.TToNjO CoH^I (vellow' cr}^stals, melting at 1S4®) This 
dillcis horn the deiivati\c diicctly obtained by Claus, which is 
colorless and melts at 259-260® 

The loimei, isocinchoniuc efhiodide^ necessarily has the 
alkyl attached to that nitrogen atom which is less strongly 


SiahNclirnidl, \ 90, srS 

"CLuibanU Kcnipcidick, B 13, ^2286 Claus and Muller, B 13, 2290 (Juus 
and Ticupd, B 13, 229-I 

‘'■’SLiau[) and Konek von Norwall, B 26, T968, M 15, 37 
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basic On oxidizing the iso-deri\ alive with potassium perman- 
ganate, Skiaup obtained ihe ethyl iodide of cinchoiiinic acid 
From this it lollows that the nitiogen of the quinoline nucleus 
is less basic than the other and that in the mono-salts ot cinchonine 
as in its monoalkyl halide derivatives diiectly prepared, the 
acid, 01 the alkyl halide, is attached to the nitiogen ot the ‘'second 
half” 

The monoalkyl derivatives pioduced by the diicct action of 
the alkyl halides are decomposed by alkalies Theie aie thus 
formed the alkylcinchouDies, bases diacid and bitertiaiy, like 
cinchonine itself 

(C,„Hj,NO)=N^j + KOH -* 

Mononicthyl iodide o£ cinchunine 

(ChHj,NO)=N— CH 3+H,0+KI 

Mtlh\ k inchuniML 

Mclhylcincliovuie ciystallizcs from ether or acetone in plates 
which melt at 74-75® On this dcuvativc Freund and Rosen- 
stein employed Hofmann’s process of exhaustive methylation 
They pieparcd hist the monomethyl iodide, heated this with 
caustic potash and obtained thereby an oily base ol the composi- 
tion ot a dimcthyUinchomnc 


/CH3 

(C,,H.,N0)=N,^CH3 + KOH 

M 

Monometh ^1 iodide ot methyl cinchoninL 

(C . J-I30NO)— + H3O + KL 

Diineth^lcinchnoine 

This, in turn, can now add a second molecule ot methyl 
iodide. When the additioii-pioduct thus obtained is treated with 

M 15, 133 

Claus and Muller, B 13, 22go 

Freund and RobCMistem, B 2=;, SSo, \ 277, 277 
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alkali, the molecule is decomposed into trimethylamine and a 
body oi wealdy basic properties which contains only one atom of 
nitiogen The study of this body has not been fuithei puisued 

Freund and Rosenstcin have shown by oxidalion of the dii- 
leicnL derivatives that the three methyl groups intioduccd aie 
all attached to the nitrogen ot tlie second half”, they obtained 
umloimly only cinchoninic acid 

From this behavior it follows that there is no methyl gioup 
attached to theniliogcn ol the second half of the cinclionine mole- 
cule, since, as is indicated above the foimation of trimethylamine 
occurs only after the successive intioduction of three methyl 
gioups 

Cmchotoxine. — In 1894 von Miller and Rolidc made the 
obseivation that nicthylcinchonme yields with phcnylliydiazme 
a h}cliazonc, while cinchonine itself did not give this icaction 
In the formation of methylcinchonine, then, it would seem to be 
ncccssaiy to assume that the liansloimation was accompanied 
by a molcciilai reairangcment, the h}drox}l gioiip being con- 
vened into a caibonyl 

Von hlillei and Rohde consequently contmiTcd their sludv 
of the action ot phenylhydrazinc on cinchonine They found 
that piolongecl heating at 100^ of a mi\1uic of these two sub 
stances in a sedulion ol dilute acclic acid gave use also to a hvdra- 
zonc A molecular real rangement of cinchonine was thus cfli cti'd 
appaicntly bv the action of the acetic acid The expeiimcnt 
was repealed without the addition of the phemylliydrazine and 
Lhene lesultcd in tact a new base isoineiic with cinchonine This 
new base is highly poisonous and on that account has iccci\ed 
the name of onicholoKinc 

Cmchotoxine ciystallizcs with some difficulty fiom cthci, 
It melts at and dissolves easily in the ordinary organic 

solvents wilh the exception of ligioin, m water it is soluble only 
with difficulty. It is a strong base, which expclls ammonia 
fiom its salts and unites leadily willi cai borne acid Cincho- 
toxine is identical with cinchomcinc (page 340) 

von Millor and Rohdi, B 27, 1187, 1279, 28, 1056 
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One nitrogen atom in cinchotoxjne is tertiary^ the other 
secondary (foimation of a nitrosamine) , treated with methyl 
iodide, tlic base adds one molecule and forms the hydi iodide 
of mediylcinchonine of Claus and Muller (page 351) From 
this it follows tliat the latter, as its leaclion with phenylhydra/iine 
would also lead us to infer, is not a deiivative of cinchonine, 
but is a melhvlcinchotoMne 

Cincholuxine toims a hydrazone and an oxime. It is con- 
sequently eithei an aldehyde or a ketone. We must, howcvci, 
decide in ta\oi of the lattei alternative, since methylcinchotOMne 
on o\idaLi(ui with silver oxide docs not yield an acid and its 
oxime cannot he conveitcd into a nitiile by dehydration 

The tiansfoimation of cinchonine (a teitiary base with an 
alcoholic giOLip) into cinchotoxinc (a secondary base with a 
ketone grouping) may be explained by the following molecular 
cha nge 

C,— C(OH)— R C , — CO— R 

II / -* II 

N/ NH 

This icsult IS of the highest impoitance in the study of the 
constitution ol cinchonine It shows, indeed, that the caibon 
atom to which the hydioxyl is attached is diicctly united with 
the nitrogen atom of the second hall ” Now, we have already 
shown that this hydroxyl torms a [lait ol a side-chain which 1^ 
bound to the 7-caibon atom ol the pi[)eiicline ring In the second 
halt of the cinchonine molecule we must, consecj[ucntly, assume 
the existence of the giouping 



In accordance with this \new, as also in accordance with 
the lesults obtained from the oxidation of cinchonine (page 343), 
vun Miller and Rohde propose the following constitution for 
the alkaloid 
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CH., 


/j\ 

HX I CH— CPI=CH, 

(CglloN)— CH^ — ^1 COH 


HX 


\ 


\ 


CH, 




N 


/ 


This may also be foimulatcd as 


/ 


CH 

I 

c, 


/ 


(CgHgN)— CHo-C OH 



CH. 

■COH 

1 ■ 

\ 

CH, 

1 , 

\ 

V 


CH, C— CH=:CH, 


/ 


For reasons which will be developed lurther on we believe 
that the following foimiila (which was also considered by von 
Miller and Rohde) is to be piefericd to the above 



H 

/i\ 

CH. CH, CH— CH=CH, 

I 1 ■ 1 

CH,— COH CH, CH. 

■ ■ ■ 


Cmchotoxinc has then the following eonstitution 
H 

/ I \ 

H,C (’H. CH— CH=CH2 
CH,— CO Cfl, CHo H,Cv /Cl'b 

I ‘ I y “ 

CpHcN 


H CH,— CO— Cr-T,-CoHoN 

c" 

H,cy sCH-CH^CUa 


N 

IT 


N 

H 


Cmchutoxine 
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These formuLx explain m a satisfactory way the fact that 
tciliaiy cinchonine on oxidation yields dcruMtives which have 
the chauLclei of secondaiy bases, such as mcroqiiincnc, cincho- 
loiponic acid, and loiponic acid In the action of chiomic acid on 
cinchonine we may consequently assume that there is fust loimed 
cinchotoxinc, which is then decomposed Jiito cinchonmic acid 
and meroqumcnc 


II 




Cr-Io-~CO— CH,— ColIoN 


TIX 

lIoC 



NT 

H 


CTI— CIT=Cn2 
CH, 


+ 


Cinclioloxine 


3O 


H CIb— COOH 

\c/ 


H.Cr^ 

HXv 


'|CII~CH=CHo 

«CTT, 


N 

II 


Mcroquincne 


H- IIOOC— QHoN 

Cmchoumic acid 


Cinchene.— Konigs and his students have published since 
1S80 a long senes of investigations whose chief pinpose has 
been to solve the question concerning the constitution of the 
^‘second half” (d cinihonme 

As stalling mateiial they chose cinchonine chlondc, Cii)HjiClN2, 
which IS foimed by the action of a mixture of phosphouis penta- 
chloiide and oxychloiidc on cinchonine hydrochloiide This body is 


Comstock and Konigs, 13 13, 2S6, 14, 103, iSs^, 17, tc)<S4, 18, 1219, 2379, 
TQ, aSsj, 20, 2510, 2674, 25, ic;39 TConigs. and Nef, 13 20, 622 Knnigs and 
Tlcvmann, B 21, 1424 Konigs, B 23, 2660, 3144, 26, 713, 27, 900, 28,3143, 
34, 4322, 4336, 35, 1349 Konigs and Hoijpncr, 13 31, 2355 Konigs and 
BisrlikoplI, B 34/4327 Komgs and SLnrlsbaiisen, B 34, 433°, 35, 2554 Konigs 
and Hoppe, B 35, 1343 Konigs and Schonewald, B 35, 29S0 
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clcri\cd tioni cinchonine by substituting q cliloiine ritom for th6 
h}flro\yl gnaip 


C,„H,,N,(OH) C,„H.,N,C1 

Ciiichonini rinchunine chloridL 

Cinchonine chloiide is dc\tJoiotatoiy and crystaili^:es m 
pii’^ms winch melt at 72° 

On i educing it wiih non and dilute sulphuric acid, Konigs 
ohLained a dcsoiycinclioiunc, CioH.^Ns, melting at 90-92°, this 
IS also clexLioiutatoiy 

On ticatmenL with alcoholic potash, cinchonine chloride 
loses a molecule ol hydrogen chloiide accoiding to the equation 

Cu,H 2 iN,C 1 + KOH KCl + H ,0 

The body, C^H.^No, which may he viewed as derived trom 
cinchonine by the loss of a molecule oi water, was named cinchnir 
by Konigs it ciystallizes tiom ether oi ligiom m leaflets which 
melt ciL 123-125° 

Cinchene is dcxliorotatory , the optical activity of cinchonine 
accoidingly docs not depend alone on the asymmcliy ot that 
carbon atom with which the hydioxyl is united, but theie must 
be still othci abymmctiic carbon atoms in the cinchonine mole- 
cule Tins possiljihty finds e\[)icssion in the foimiila foi the 
alkaloid given above 

Cinchen(‘, like cinchonine, is a bitertiaiy base, oxidation 
with chromic acid conveiLs it into cinchonimc acid 

Cinchene is an unsalurnted dciivative One would suppose 
that iL ought to have two double bonds, since cinchonine possesses 
one, it adfls, however, only one molecule of hydiogcn bioniide 
01 two atoms of bromine 

When cinchene dibromide is treated with alcoholic potash, 
two molecules of hydiogen bromide are eliminated and dehydjo- 
riuchcm is foimcd 

C'loHsoN.Bra — » CidHi8N2 4 - 2HBr. 

CincliLMiL dibruinide DelivdiocincliLiie 
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This deiivatne may also be obtained fiom dehyrliocinchonine 
(page 344), if the lattci is successively treated with phosplioiiis 
penlachlondc and alcoholic potash 

Deh^drocinchene ciyslallizes fiom dilute alcohol in needles 
containing appaienlly three molecules of walei ot ciysLallization, 
it melts near 60°, the anhydrous bat^e loims a resin Two 
atoms of bromine may be added, the dibiomide thus ubtaincJ 
13 conveited by alcoholic potash into Iciradcliydi ocunlicuc, 

Ci.,Hi^N 2 Bu — ^ CioHinN, + 2HB1 

Dchydroc inchLnc dihiomidc TetradLliydrucuKheiie 


When cinchene is heated foi several hours with 8-q parts 
of concentrated siilphuiic acid, thcie is foiined in addition to 
cinchene sulphonic acids a sulphoauc]icnt\ CiJInoNoSO^ If 
this derivative is oxidized with chromic acid, it is converted into 
cinchonimc acid and a sulphonic acid, on being healed to 170- 
iSo® with 25% phosphoric acid, it yields lepidine and a sulnhonic 
acid Fiom these icactions it follows that the sulpho giouji is 
not in the ciumoline nuclcu'=^, but is attached to a caibon atom 
in the second halt of the cinchene molecule 

When cinchene itself is heated with phosphoric acid it suffers 
hydrolytic dissociation into Icpidinc and mo oquinene 





Cinchene 



Lcpiclme 


H- 

Meruquinene 


This decomposition is quite analogous to that which cincho- 
nine expel lenccs undei the action ot oxidizing agents 

Apocinchene. — While this last reaction appears fully to 
confirm the observations already piesented regaiding the con- 
stitution of cinchonine and the mode in which its two paits are 
united, a study of the action of the halogen acids on cinchene led 
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Konigs to lesuUs which aic not less interesting, but which it is 
rhfhcult to cooidinale satisfactorily with the pieceding 

II cinch( ne is heated w'lth hydiochloiic oi hydrobtomic acid 
to 180-190°, It loses one ot Us nitiogen atoms as ammonia and 
\ielfls an i)\\gcnated body, apocinchcnc, ot the lormula Ci,H,.jNO 
rhib substance ci}stalli/es fiom alcohol in needles melting at 
209°, It contains a hydroxyl gioup, since it yields with acetic 
inh}'diide an acetyl dei native It apocinchcnc is treated with 
-.odium nit 1 lie and acetic acid, there is foimed a nilioapocni- 
IiciiCj Ci(,Hih(NOo)ON, winch may be ledurcd to an amidoapo- 
uicliciic, Cn,Hi^(NHj)ON Chiomic acid com cits both apocin- 
hene and amidoapocinchenc into cinchonmic acid The leac- 
lon, accoidmgly, winch leads to the foimation of apocinchene does 
lot allect the Cjuinolme nucleus, but eliminates the nitiogen of the 
second hall ol the molecule and leplaces it by a hydro\}l gioup 



CmkIiliic! Api iLinchene 


Apocinchene possesses the properties of a phenol It dis- 
ohes in caustic alkalies and is i)iecipitated from the solution 
)V caibonic acid, heated w'Uh alkyl halides and caustic potash, 
yiehls esteis These phcnol-hke pr()[)eitics indicate that tlie 
i\di()\yl ol ajiocinchcne is in an aromatic img, and since 'we 
ave piovcd that it is not contained in the benzol img of the 
uinoline nucleus, it is neccssaiy to assume the presence of a 
acond iing of this chaiactei in the gioup CiJ-IioOH 

Now^ the investigations of Konigs on the dei ivatn'es of & 
[)ocinchenc have showm that this second benzol iing is attached 
) the /-caibon atom of the quinoline nucleus, they have, further- 
101 e, made it appear highly piobable that apocinchene contains 


Koniq^, J pr [2] 61, T 
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two sidc-chains ^\hlch are eth}'! gioups Apocinchene would 
then be a quinolyl-diethylphenol 


1 \OH 
C„H„N 

Apu( inthcne 


As a starting-pomt in lhi‘sc investigations Konigs emplo}ecl 
not apocinchcnu ilsell, hui its ethyl ester, which, as has aliearly 
been inchccitcd, is leadily obtained by Lieating apocinchene with 
ethyl iodide and caustic potash 

Eih^dapocinchenc, CjiH.^NO, crystallizes from alcohol in 
piisms winch melt at 70-71*^ It is a weak base On oxidation 
with nitric acid 01 potassium permanganate it yields a mono- 
basic acid, e/liylapocuiclicfuc acid, CaoHu.NO^ (needles, melting- 
point 163-164°') The loimation of this acid has accoidingly 
been etlccted b} the conveision of an ethyl gioup into a cailioxyl 

.'CO OH 
OCJi, 

Etliylapocinclienic acid 


/C,H 5 

\OC,H, 

CthylapocincliLnc 


By Iicating ethylapocinchenic acid with hyclrobromic acid t ) 
130° we (xm eliminate the caiboxyl group, the cthoxjd group is 
at the same time saponified and wc obtain a lower hoinologuc 
of apocinchene, homoapocintjicnc (Konigs) 

/COOH 

(CoH,N)-C,H,^CJd3 +HBr-> 

Ethylapocincliemc acid 


(C,HeN)-C„H3/ + C3H5CI + CO3. 

Huinoapocinchenc 
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In Its propel ties hoinoapocinchene resembles apocinchcne; 
it IS deposited from its alcoholic solution in crystals melting at 
184-185*^ 

To eliminate from homoapocinchcne the remaining eth}^ 
gi'oiip, Konigs converted the base into its ester and then treated 
the latter with an oxidizing agent (lead or manganese dioxide 
and SLilpliunc acid) He thus obtained eljiylhomoa pocinchenit 

acid, (melting-point 253-254°) When 

the silver salt of this acid is heated to 290°, there results quin- 
olylphenclol^ fC^Ji^sN) — Finally on saponification 
with hydiobromic acid, the phenetol yields y-pliowl qiiinolnic, 
(CyHnN) — C(jH, — OH fmelting'point 208°) 

Now a deuvatne ol this characlei can occur in three isomeric 
foims accoiding to the [losiLion which the hydroxyl takes with 
icspect to the C[Uinoline nucleus We ha\e already seen (page 100) 
that these thiee isomers have been synthesized and that the 
oitho-dcrivative 



IS identical with the decomposition-product obtained from apo- 
cinchcno. 

The position of the hydroxyl being thus established, it remains 
to determine that of the two side-chains in apocmchene The 
following obsei vation oflers the first suggestion of a solution of this 
When ethylapocinchenic acid is oxidized with lead peroxide 
and sulphuric acid, it yields a lactone 

(C„H„N)— C„H=^-CH— CH3 
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The action of bromine in alkaline solution decomposes this 
lactone into caiboii letrabromidc and a dibasic acid, which 
melts at 230-240° and which is none other than a qiiinolyl jyhcnelol 
dicarboxyhc acid, 

yCOOH 
(C,H„N)— CoH.(-COOH 
\OC,H, 


Now acetyl chloride converts this acid into an anhydride, 
which on being heated with lesorcin foims a (luorescnn, con- 
sequenth^ the Iwo carbowls must stand in an 01 tho-position 
and so also the ethyl groups in apocinchcne 

There is possible then foi apocinchcnc only one of the follow- 
ing three foimuljie: 



Apocinchene 


The question now arises as to whethei the grouping of atoms 
found m apocinchenc exists in the molecule of cinchonine — 
whether, in other words, the alkaloid itselt is a derivative of 
T'-phenylqiiinoline If such be the case, we must assume that 
the pipeiidine ring in the ‘^second half ” ot cinchonine is asso- 
ciated with the benzol ring to form some such a complex as 
the quinoline or isoquinoline But it is difficult to reconcile 
this with the results of the investigations of von Millci and 
Rohde 

It seems simpler to consider that the benzol nucleus of apocin- 
chene exists neither in cinchonine nor in cinchene, but thal 
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s tormed in the action ot the halogen acids on the latter com- 
ind It would then result Irom a sort oi: intianiolcculai 
iclcnsalion ot that partol the piperidine nucleus which leniained 
ji the elirnmation ol the nitrogen 

Such a reaction can scarcely be explained, however, if vve 
)[)t lor cinchonine the toimiila of v'on Miller (l^age 354), but 
becomes readily intelligible, we believe, on the basis of the 
Qiula which we hav'e already suggested {page 355) This 
w IS also suppoited by Konigs 

Such a toinuila for cinchonine is, morcovei, in peifccl accoicl 
h the pioliablc constitution ol cincholpoionic acid (toimula I, 
,0 348). On the olhei hand we must not lad to note that 
diotoxine with amyl nitriU \ields n(jt a di- bill only a mono- 
utioso-deiivative — a leactiun which finds most ready solution 
larcntly in the foiniula of von Millei.^® 


CH, 

/K. 


(CjHoN)— Clio— CO 


/ I \ 

CUo CH— CH=CH„ 

I ■ I 

cri, CHo 

■ 

H 


Cinchotoxine (v'on Miller) 


H 

C 

/iX 


/ 


\ 


CH, Clio CII— CH=CH, 

■ I 


(CjHjTSr)— CHo— CO CH, CHj 


/ 

/ 


H 

CinchotoMnG (Konigs) 


Konigs, J pr [2] 61, i 

von MiIIlf and Roiidc, B 33, 3214 
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CH3 


(CoHoN)— CH— CO^I 


CH„ CH— CH=CH, 

I ' I 

CHj CHj 


Cmrhuninc (vun driller) 

ir 

/l\ 

CH, CH, CH— Cn=CI-L 

I I “ I 

(CoHoN)— CH,~C01I C II, C H, 

Ctnchonino (Konigs) 

Taking, howevci, ihc conslituLion of Konigs as the more 
probable, we deiive tlie following for ciiichcne 

H 

/i\ 

HoC CH, CII— CH=:CH3 

“I 1 ^ I 

CH=C CH, CH, 

CoHeN \Jj/ 

Cinchene 


We may now assume that in the conversion of cinchene into 
apocinchenc thice molecules of watci take pait m the icaclion, 
three atoms of hydrogen aio eliminated with the nitiogen as 
ammonia and the thicc hydioxyls satuiate the three caibon 
valences which were befoic attached to the nitrogen In tlic 
first stage of the reaction there would then be foimcd the deriva- 
tive 


H 



H,C CH, CH— CH=CH, 
CH=:C CH, CH, 

I I I ^ I “ 

CJ-i„N OH OH on 
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wlijch may also be wiitten jn the lollowmg way 


CH — CH.OH 


/\ 

CHj=CH— HC f Hj 

CH,OH COH 


This body is unstable and by loss of two molecules of water 
yields 

H CH=CH« 

\ / 

c 

/ \ 

CH—CH— HC CH, 


Now it is not unreasonable to suppose that this cyclohexene 
deiivativc, with its two unsaturated side-chains, would exhibit 
a tcMidency, through a migration oi four hydiogen atoms, to 
pass spontaneously into a true benzol deuvative with saturated 
side-chains. We thus obtain the following foimula for apocin- 
chene. 

CH — CH„ 


CH,— -CHn— C 


C.HflN 

ApocincliLne 
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This IS also nne oi the lormula^ which Kunigs proposed foi apociiv 
chtne 


2 CiNCHOPfIDINE. 

Cinchonicline, Cp^H.oN.O, was disco\cied b} ^^hncklel 
in 1S4S, U wab al fiisl coniused wilh quinidine Pastoui ihen 
called attention to the dilteuncc between the two all aloids, 
ga\e cincbonidine its name, and show^ed us isoineusin with cin- 
chonine. 

Cinchonidine accompanies quinine in all the ciiichona-baiks, 
in the e\traction ot the alkaloids it sepaiates rhielly wnth (jiiinidine 

It crystallizes trom alcohol in pi isms which melt at 207° and 
which aie veiv little soluble in WMtci Its solutions aie lce\o- 
lolatuiy As a iebiifuge it is almost as active as quinine and 
is less poisonous It gnes no coloration w'lth chlorine watci 
and ammonia, its salt solutions aie not fluoicsrent The base 
is diacid and bitertiary and containb a hydioxyi gioup (mon- 
acetyl deiuative) 

Cmchnnidme is a stereoisomei of cinchonme Bv piolonged 
boiling ot cinchonine wnth a solution of caustic peUash in amyl 
alcohol, Konigb and Husmann succeeded in con\eiting a pait 
of the alkaloid into cinchonidine The simple lelation subsisting 
lietwecn the two bases is shown, moieover, in the similaiity ot 
their reactions and in the identity of the most ot then Iransloi- 
mation- and deromposition-piodiicls 

When Linchonidine is heated with glyceime to 200°, 01 w'lth 
dilute sulphuric acid to 130°, it is convened into the same tin- 
ohoiiicinc (cincholoxine) into which cinchonine is Iransioimed 
undei like conditions (Pasteui) Other isomeis [fi-cinchonidinc, 
Y-ci}i(ho}ii(iuu\ liomocijicliojiidinc, apotnichojiidnic^ isocinc hoir- 
duie, etc ) aic foimed by the action of mineial acids 01 ot alkalies 

inckltT, RfpDlonufu do Phmniacic, 85, 3Q2, g8, 38.), 99, i 
PastLur, Joiunal dp pl!a)maLie, [:;] 23, 123 
'Mkissc, A 205, iQt) 
konigs and Husniann, B 29, 2185 

\ 20s. 1(,6. 243. 131, 258, 133, 276, 123 Skraup, B 25, agop 
Neua:idnn, M 13, 651 
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Cinchonidinc contains an ethylene bond, it adds a molecule 
of hydiogcn chloride, biomide, or iodide Two isomeiic dibiom- 
cinchonidines have been prepared Reduction with sodium and 
alcohol con\eit3 the alkaloid into a tetrahydro-denvative, a 
secondar\ base 

Fusion with caustic potash gives rise to ([Uinoline On 
oiidalion with potassium peimanganate in acid solution theic 
aie foiniod founic acid and a base, isomeric with cinchotenine, 
cnuhotoiiduie, (piisnis, containing three molecules 

ol walci and soluble m alkalies and acids, kevorotatory, melting- 
point 256"^) 

With sliongei oxidizing agents (nitiic or chromic acid)cm- 
chonidine yields the same pioducts as cinchonine, viz , cmchomnic 
and rincholoi])onic acids On tieatmg cinchonidine with 
phosphoius [lentachloiide Konigs and Comstock*^* obtained a 
cinchomdine c blonde, CmFFiNXd (melting-point 108-109°), an 
jsomei ot cinchonine chloiide, alcoholic potash convcits both 
chloiides into cinchene 

On lediicLion with non and dilute sulphuric acid cmchonidme 
chloude }ieldb dcso\yciuchouidi}u\ CiJ-F,jN_> (melting point t)i°, 
lievorotatoiy), an isomer ol de^ioxycuichoninc McthyldcisO\y- 
cinthonnic and mclhyldcsoxytinchouidinr ate howe^el identical'’'^ 

These obsei vations indicate that the difference l^etween 
cinchonine and cmchonidme is occasioned solely by the asym- 
mctiy of that carbon atom to which the hydroxyl gioup is at- 
tached Fuithermoic, it follows that both alkaloids aie tcitiaiy 
alcohols with the giouping =C— OH (and not=CFIOH), since 
their isomeiism peisisLs aftei icplacing the hycliuxyl with hydiogcn 


Oalini.iid, B 1 [t,] 25, S4 
‘’‘Ms-ufick \on Noiwall, B 29, Soi 
Lcci^., ^ 82, 147 

“^Skraup and VorLmann, A 197, 226 Schnidersclutsch, M 10, 51 
'^'’Skraup, A 201, 300 Skraui» and Wurstl, M 10, 220 
Komgs and Comstock, B 17, 1984 
Konigs, B 29, 372 
®”Konjgs, E 31, 235s 
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—a condition which could not obtain if this asymmetric carbon 
atom were already attached to a hydrogen atom 

3. CINCHOTTNE. 

Cinchotinc 01 hyd^ocmtlioniuc, CiJ-LjNjO, was isolated by 
CavcntoLi and Willm in i86q It is found in crude cinchonine, 
but only in ^mall quantity, the best yield is obtained tiom the 
cinchonine which is derived from the bailc of Rauijia piDdieam 
CinchoLine is isolated bv ti eating crude cmrhomne in the coVl 
with potassium permanganate, which destroys the latter alkaloid, 
bat only slightly attacks the former 

Von ^rlt‘’^’ has shown that the pseudocinchomnc ot Hesse 
13 identical wath cmchotine. 

As indicated by Jungfleisch and Leger, cmclionipne (page 
344) IS also piobably identical with cmchotine 

Cincholine ciystallizes in pi isms which melt at it is 

dextrorotatoiy and biteitiary Unlike cinchonine it is a salinated 
derivatne, its salts form no addition-products with hydiogen 
chloiide or iodide'^- 

By the action of concentrated sulphuric acid, the alkaloid 
IS converted inio ^cnichoDnr siilphonic acid, C^jH^gNaO SO3H 
In this acid the SOJi group is piobably attached to the “second 
half” of the molecule With acetic anhydride an acetyl 
deiivative is formed"” Oxidation with chiomic acid gives use 
to cnichoHiutc acid and cincholoipoiic, C,,Hi-NO, 

Phosphorus pentachloride acts upon cinrhotine, producing 
the chloride CmH^gClN. (melting-point 85-87''), which with 

®’Ca\entou and Willm, A SuppI 7, 247 
Hesse, A. 300, 42 
von Arit, M 20, 425 
Hesse, A 276, 106 
Jungfleisch and Leger, C r 132, 410 

’-Skraup, B 28, 12 Hesse, B 28, 1298. 

’^Skraup, A 300, 357, M 18, 414 
Schmid, M 22, S03 
Skraup, M 9, 78^, 10, 39, 220 
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alroholic potash yields diliyd)ocnichcne, CioH.sN, (crystals, 
melting-point 1^5°) The latter deiivative diifeis from desow- 
cinchonine (page 357), it is decomposed b} phosphoric acid 
mU) leiiidine and cincholoipone 

Cincholoipone is deposited from its solution in methyl alcohol 
m crystals which melt at 236°, it is Levoiotalory and possesses 
the chaiacler of a sccondarv base (nitiusamine, acetyl deiivati\i‘), 
and also that of a monobasic acid, with alcohol and hydrochloiic 
acid it Yields an ester 

Cincholoipone, like cinchotine, is a saturated derivatne, it 
IS neither reduced by sodium amalgam no’ h\driodic acid at 
iSo'^, chiomic acid oxidizes it to cincholoiponic acid Distilla- 
tion of its hydiochloride with zinc-dust gives rise to /?-lutiJine 
Cincholoipone is closely related to meioquinene This is 
shown by its loimation, when the latter is leduced in the cold 
with zinc-dust and c(mccntraled hydnodic acid 


CH2— COOli 


H ,C / \ Cl-r— CH=CH , 

Jci-Ia 

N 

H 

Me roqiimene 


From all these reactions it is apparent that cinchotine and 
cinchonine exhibit an extended paiallelism With the various 
decomposition-products oi cinchonine coiicsponds a senes of 
analogous deiivatives of cinchotine which dillcr fiom the foimer, 
member tor membei, only in containing two moie atoms of 


hvd rogen 

Cinchonine - . - Cmrhotme Cu,Hn4N20 

Cinrhenc CinHooNT^ Dihyclrocmchenc CjoH^jN, 

Meroquinene CoHi^NOo Cincholoipone . — C0HJ7NO2 



cr-n— cooH 


HoC 

H.c 




'>CH-CH„— CH3 

JCH. 


N 

H 

Cincholoi pone 


Konigs, B 27, 1501, 2290 
Skraup, M 16, 159 
^^Konigs, B 35, 1349 
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From the relation of cinrholoipone to mcroqumenc it natiiially 
follows that the \ipyl group — CH=CH2 ot cinchonine is in 
cinchotine replaced by the ethyl gioup — CH^ — CH3 We thus 
derive the following formuke 


H 

C 


CH, CH, CH— CH,— CH, 

I V I “ ■ 


(CpHoN)— CHo— COH C H . CH. 






Cinchutine 


H 



CH, CH, CH— CH.— CH, 

I'll 


(C,H,N)— CH=C n-I, CHo 

M/’" ■ 


Ditiydrui-inchene 



CH, CH, CH— CH— CH, 

I “ I ■ I 

HOOC CII, CH, 



H 

Cinrholuipone 


4. Cinchamidine. 

Cinchamidine or hydrocinchonidinc, CigPLiNjO, was isolattd 
by Hesse in i88r It occurs in the foim ol Icallcts and melts 
at 230°, it 13 lre\()rolatory and contains a hydioxyl gioup (acetyl 
deiivativc), it gives no additiun-piodiict with hydrogen chloiide 
Chromic acid oxidizes it to cinchonimc acid 


5 CINCHONAMINE 

This base, CioHq^NC), is found in laigcst quantities in die 
Remijia-havk.^ and paiticular]^ m that of Rcmijia piirdicana 
Wedd. Cmchonamine was isolated by Arnaud in 1881^ It 


Hesbe, A 214, r 

Arnaud, C r 93, 593. 97. 174, 98, 14S8, 99, 190. A ch [6] 19, 93 
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is a devLioiotatury bod} which ci V'^tallizcs in needli^s ("melting' 
point 184.-185°), it contains a hvdiowl gioup (acetyl derivatixc) 
It 13 atta(.ked in the cold by a -^L^lution oi potassium pernianganati* 
and thciein dilleib chaLactei isticaliv lioni the twc) all aloids 
mentioned abo'e, with which it coiRspondb in comixi^-ition 
The double salts oi cinchonamine ha\c been Ctiietully btudied 
The alkaloid acts as a strong lebutugc, but it is also veiy poisonous 

6. Cupreine. 

Cupieinc was discoveied bv Paul and Cownlcy in 1S84 
in the baik ot Rcnnjni pcd/niculala, it is there found in smell 
quantity in molecuiai combination with quinine (page 373) 
It Cl vstallizi's tiom ethei in piisnib containing two molecules 
of watei ol Cl vstallization, the anh} (Irons alkaloid melts at 108°, 
it IS little soluble in cthm and chloioloim, moic icadily sohilde 
in alcohol It is a diacid and biteituiry Ixisc, l(c\'Oiotatoiy 
and little poisonous, with chloiine and amiiKMiia it gives the 
icaction oi quinine, but its solution in sulphuiic acid does not 
fluoresce 

The toimation of a diacclylcnprcinc shows that the two oxygen 
atoms ot cupieinc arc contained in the base as hydroxyls One 
ot these hydioxyl gioups has a [ihenol chaiactei, foi of all the 
cincliona alkaloids ctipieine alone dissolves in alkalies to foim 
salts These contain one atom ot metal and aie decomposed 
by caibonic acid 

When cupieinc is heated with hvdiochloiic acid to 740° it 
IS con\ cited into an isomci, apoqiiunnc (Hesse). Apoquinme 
IS also obtained together with methvl chloiidc when quinine is 
sub]ected to the same treatment This reaction Jeads one to 
b(dievc that the lelation between cupieine and quinine is tliat 
of a phenol to its ester 


BoaLrou\ and Genoresse, C r 125, 4C7 

Paul and Co\vnlt\, PJianndLCulnol Journal, [3] 15, 221, 401 
Hess( , \ 230, 57 



72 


THE HEGETABLE ALKALOIDS 


Cupieine 

Quinine Ci,H,oN.(OH)(OCHJ 


This simlpe lelation between ihc two alkaloids was established 
1 1891 by Giimaux and Ainaiid/’ bv heating a mctlnl alcohol 
olution of cupieine \Mth sodium methylate and methyl iodide 
hey eilected the sNnlhesis of quinine 

Ci.H.oN ,(OH)(ONa) + CH3I — Ci,H>oN,(OH)(OCH3) -hNal 

Suclmm iidlt. (it LUpreine (Juinine 

What we shall say later on rcgaiding the constitution of 
[uinme will accoidingly apply to that of lupieine 

Cupimne probably diflers from cinchonine only in having an 
dditional hydroxyl gioiq) in the para-position of the quinoline 
mg 


7. QumAMINE 

Qiiinamine, 0,01-12^1^003, was found by Hesse m 1872 in 
liMerent cinchona-barks, it crystallizes fiom alcohol m long 
>risms, which melt at 172°, it is dexlroiotatoiy and readily 
•\idizable 

Hydrochloric and sulphuric acids remove from it a molecuh* 
if water and convert it into apoqitmaniine^ C,3H22N20, a weak 
)ase, which crystallizes in leaflets or in piisms and melts at 
14°, In neutral solution it is optically inactive, in acid la^voro- 
atory Acetic anhydride also dehydrates quinamme, theie results 
he monacetyl derivative of apoquinaminc, acelapoquhnaminc, 
^loiHs’jNaOs, an amoiphous substance From this it folIo\vs that 
[uinamine contains two hydroxyl groups 

8. CONQUINAMINE. 

This base, CigH^jN.Oo, accompanies the isomeric quinamme 
n thebaikof Rcmijia pcdiuicidala, fiom which Hesse "" obtained 

^^Gnmaux and Arnaud, C r 112, 766, 1364, 114, 548, 672 
Hesse, A 166, 266, 207, 288 
Hesse, A 209, 62 
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It in 1877. It IS a crystalline deiivative, dextrorotatory, easily 
oxidizablc, and melting at 123°^^ 

9. Quinine. 

Quinine, by virtue of Us remarkable febrifugal, antiseptic, 
and tonic properties is by lai llie most important of the cinchona 
alkaloids 

It was isolated by Pelletier and Caventoii in 1S20 at the 
same time as cinchonine Its composition, established by 
Strecker'^^ in 1854, corrc'=:ponds with the formula C>„Hj,N20, 

In 1891 Grimaux and Arnaud,^'*^ as we have already shown 
(page 372), effected a partial synthesis of quinine from cupreine 
b> introducing in this alkaloid a methyl group in place of the 
hydrogen of the phenol group. This synthesis ot theoietical 
intciest IS of little piactical importance, since cupreine is onl} 
found in small quantities in certain cinchona barks 

Quinine is piecipilatcd from Us salt solutions by alkalies in 
an amorphous and anhydioiis condition, but it soon assumes a 
civstalline foim and yields a hydrate with three molecules of 
water Unrlei certain conditions it can also form hydrates with 
one 01 two and even with eight 01 nine molecules of water 
Quinine may also be obtained in anhydrous crystals (small needles) 
by tieating a warm solution ot one of Us salts with sodium car- 
bonate,"^ anhydious quinine melts at 173°, the trihydrate at 57° 
The base is little soluble m water and ligroin, it dissolves 
readil} in alcohol and ether, less readily in chloioform, and with 
difficulty in benzol Solutions of quinine possess a bitter taste, 
an alkaline reaction, and are kevoiotatory 

Some ot its salts, paiticularly the sulphate, give a blue fluo- 


Oudemans, A 209, 3S 

PelleUer and Ca\entuu, A ch [2] 15, 291, 337 
SLrecker, C r 39, 58 

Grimaux and Arnaud, C r 112, 774, 114, 672 
Hesse, A 135, ^25 
®n-Iesse, B 10, 2153 
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resccnce in aqueous solution The Irce base yields wilh ammonia 
and chlorine water a chaiacteristic gieen coloi 

Quinine is a diacid and hiteitiary base, it toims a dicthiodide 
and two isoinenc monomethiodides 

It possesses a hvdrox}! and a metho\yl group The presence 
of a hydioxyl is shown by the loimalion ot a moiwbcuzoyl- 
qnininc'^^ and a monact/ylqimiinc, tlie methoN:yI is indicated by 
the evoliicion of methyl chloiide or iodide, when quinine is heated 
with conccntiated hydiochloric or hydnodic acid to 140-150° 
theie IS obtained m this reaction at the same time apoquiiune, 
CmH> 2N,0, + 2?L0, a ciystalline body, Itevoiotaloiy and melting 
at 210° Apo([uinine still gives with chloiine and ammonia the 
reaction for quinine, but its salt solutions do not fluoiesce 
Aporjuinine is soluble in alkalies and yields a diacehl deiiva- 
tive, this indicates that it contains two hydroxyls, ot which one 
possLSS s the nature of a phenol The decomposition ot (jiiinine 
by h)diochloric acid may accordingly be expressed by the tollow- 
mg equation 


C ,(OH) (OCH 3 ) 4- HCl — C p,H,,N,(0 H) + CH 3 CI 

Qujnme Apoquinine 


Apnquininc is an isomer ot cupreine (page 371), it is also 
loitned, when cupieine is heated with hydiochloric acid to 140° 
Very piobably the fiist product ol the action of h>drnchl()iic 
acid on qiiimne is cupieine, which is then convened into its 

HO'iiei 

Quinine is an unsatuiated body Zinc and siilpluiiic acid 
leduce it to dihydroquinnic, C:„H2„N,0, Sodium and alcohol 
give use to tch ah'/di oqu mine, It adds two atoms 

“‘StHhlrr, C r 39, 5S CLius and Mallmann, B 14, 76 
“‘Skiaup and Ivont k \on Nonvall, B 26, iy6S, M 15, 37 
S( hutzenberger, C r 47, Si, 233 
HciSL, \ 205, 314 
Lippinana and Fleibsner, ]\I t6, 34 
^Micssc, \ 230, 55 
Scluit/tnbLrct r, \ 108, -^47 

Lippmann and FLissner, M 16, Konik Non Nuruall, B 29, Soi 
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of bromine or a molecule of hydrogen halide The derivativcb 
with the halogen acids are decomposed l)y alkalies, but quinine 
IS only in part letormed, the giealei poition is converted into 
isomeiic deiivatives (isoquinine, pseudoquinine, niquine, etc) 

Othei isomeis aie iuimed from f|iiinine by the action ot 
SLilphuiic acid oi simply by the action ol heat on the alkaloid 
The best known ot these is qiiniicnu\ which Pasteiii obtained 
in 1853 by heating quinine with ver) dilute sulphuiic acid to 
120-130° It torms a resinous mass melting at about 60°, is 
bit Lei in taste, and possesses febrilugal propeities, with chloune 
and ammonia it gi\es a somewhat lighter giecn coloration than 
does quinine, unlike the latter alkaloid, howevei, its salt solutions 
do not lluoiescc and they turn the plane of polaiizcd light to the 
right Howaid claims that he has detected quinicine m bomc 
cinchona barks According to Fusseneggei quinicine is iden- 
tical with quinoloxmc 

Fusion with caustic potash decomposes quinine into prod- 
ucts similai to those deiivcd fiom cmchomne, there are 
foimed /? lutidine and lower fatly acids, but in place ol (piinoline 
and lepidme there result qiiiuolidine (/?-metho\yquinolinc, 
page 87) and p-meilio'\ylepidinc (page Q5) 

B) the modeiate oxidation of quinine with potassium per- 
manganate at a low tempeiatuie an atom of carbon is split otf 
as foimic acid and we obtain qitilciiinCj CjDH,>NjO, -hqHjO 
This crystallizes in piisms which lose their walei of crystallization 
at iro° and on being rapidly heated melt at 286° It is a weak 
base, I.evoiotatory, soluble m alkalies, it is conveiLed into an 


LomsLocl and Konips, B 20, 2510, 25, 1530 

Ilcbsc, \ 276, 125 SIvraup, JNI 12,667, 14,428, B 25,2909 Ljppmanu 
and Flcnssncr, B 24, 2827, M 12, 327, 13, I 4 » 553 

PasLour, C r 37, tio, 166 
‘^‘Howard, Soc 24, 61, 25, 101 
Fussenegger, B 33, 3214 

^°'’Butlcro\v and Wischnegradsky, B it , 1254, 12, 2094 
Konigh, B 23, 2669 

Kernel, Zcitschnjt jur Chemie, 5, 593 Skraup, B 12, 1104, A 199, 

M 10, 30 
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ester by alcohol and hydrochloric acid, it forms no addition- 
product with hydrogen iodide. We must, accordingly, assign 
to it a constitution similar to that of cinchotenine and assume 
that it is loimed by the conversion of a — CPI— CHa gi'oup into 
a carboxyl group When quitenine is heated with hydi iodic 
acid, it IS decomposed into methyl iodide and quUenol^ CigH^oNaO,, 
this bears the same lelation to quitenine as apoqumine to 
quinine 

A stronger oxidizing agent (nitric acid, or potassium per- 
manganate at a higher temperature) converts c[uimne as it does 
cinchonine (page 345) into cinchomeiomc and a-carbocincho- 
meronic acids 

On oxidizing quinine with chromic acid, Skraup obtained 
cincholoiponic ami and an acid of the formula CnHoNOg, which 
he named qmnmic acid. As we have seen (page 105), the latter 
acid IS the /^-melhoxy-derivative of cmchomnic acid 

The action of phosphoius pcntachloride on quinine leads 
to the formation of derivatives analogous to those which are 
obtained fiom cinchonine There results a qiumiic chloudc^ 
C20H23CIN0O (crystals, melting at 151^), which alcoholic potash 
conveits into quuicne^ CooHoiN^O (melting-point 81-82°) The 
latter is the /?-metho\y-deuvative of cinchene, by the action of 
phosphoiic acid it is decomposed into meroquincne and />-methoxy- 
lepidine, on treatment with hydiobiomic acid at 180°, it yields 
apoquinenc (p oxyapocinchenc), C.oH.oNO, 

From all these reactions it is evident that quinine and 
cinchonine arc identical in the “second half” ot the molecule 
The difteicnce lies only in the first hall, which is a quinolyl radical 
in the case of cinchonine, while in the case of quinine it is the 
same ladical with a methoxwl gioup in the para jiositioii 


Skraup, B 28, i a 

Ramsay and Dobbie, Soc 35, i8q Weidel and Schmidt, B 12, 2^^, 1104, 

1146 

^"Skraup, M 2, 501, 4, 69^, 10, 39, 220 

Comstock and Konigb, B 17, 1984, 18, 1219, 20, 2510, 2674 Konigi>, 
B 23, 2669, 27, 900, 29, 372 
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Quinine js consequently p-mclhoycinthoninc and we may assign 
to It the following consLiluLional foimula 


/ 

H.C 


/ 


H 

C 

! \ 

CH, CH— CH=CHj, 


CR—COH CH, CH, 



Quinine 


Analogous to the artificial preparation of quinine by forming 
the methyl estci of cupreine, we may intioduce other alkyl radicals 
and in this way secure the highei homologues of quinine Thus 
Grimaux and Ainaud obtained the iollowing senes 

Qauirihylinc CiyH2oN2(OH)OC Jda, melting-point i6o^ 

Quiupiopyliiic . ... Cii,H2„N_,(OH)OC3H7, 164^. 

Qiiuusopropvhnc Cis,H,oN2(OH)OC J-I7, “ i5_l° 

Qiunisoaniyhne . .. CioH2oN2(OH)OC5Hn, '' 167°. 

These bodies arc mostly amorphous, aic strongly lebntugal, 
but are also more poisonous than quinine. 


10. Quintdtne. 

Quinidine, CooHoiN^Oj, was discovered in 18^3 by Henry and 
Dclondre.^^* It was studied somewhat by Pasteur"® and later 
moic fully by Hesse, who named it conqinninc 


”=Grimau\ and 'Vrnaud, C r 112, 766, 1364, 114, 548, 672, 118, 1S03 
"‘ITcnry and Delondrc, Journal dc pharmanty [2] tq , 623, 20, 157 
Pasteur, C r 32, no, 36, 26, 37, no 
Hesse, A 146, 3 S 7 » 166, 232, 205, 31S, 243, 131 
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This stereoisomer of quinine crystallizes from watei, alcohol, 
or ether in combination with one molecule ol the suhenl, fiom 
benzol it sepaiatcs in anhydrous needles which melt at 171 5°, 

Quimdine is dextrorotatory and acts as a febiiiugc, it is 
readily soluble in ether and alcohol, difik^ultly so in chlorotoim 
and very little in water It gives the same coloi leaclions as 
quinine 

The base contains an ethylene bond (addition products 
with hydrogen chloride and iodide), a hydroxyl (monacetyl 
derivative) and a methoxvl gioup, concentrated hydrochloiic 
acid at 140-150° decomposes it into methyl chlondc and apoquui- 
idinc, 4-21-120, an amoiphous body, which is dextro- 

rotatoi7 and which contains two hydroxyl gioups (diacetyl deiiva- 
tive) 

Dilute sulphuric acid or glycerine at 180° con\erts quinidme 
into quinicme (Pasteiii), phosphoius pentachloiide and alcoholic 
potash into quinine, chromic acid into quminic and cincholoi- 
poujc acids ““ 

All these derivatives are identical with those which quinine 
itself }ields 


n. Hydroquinine 

H^'droqumlne, CsoH^oN^O^, is loimd associated with quinine 
in the extraction of the latter alkaloid It is separated from this 
alkaloid bv treatment with potassium peimanganate, which 
destioys the quinine, but does not affect the hydioquinine 

Hydioqumine was isolated by Hesse in 1882 It crystal- 
lizes with two molecules of water and melts m the anhydrous 
condition at 172°, it is l^evoiotatory and contains a hydioxyl and 
a methoxyl gioup, with acetic anhydiide it yields a monacetyl 
deiivative, heated with hydiochloiic acid to 150°, it is decom- 
posed into methyl chloiide and liydrociipieuic, CmH22N2(OH)2, 
a base which melts at 168-170° and is soluble in alkalies 

'^’Comstock and Konigs, B 18, 1219 
Skraup, M 2, 587, 10, 6^5, 220 
Hesse, A 241, 255, B 15, 856, 28, 1298 
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12. Hydroqtjinidine. 

This alkaloid, C2i|H2ijN,02, is found in commercial quimdine and 
can be obtained fioin tbit, by iicalmcnt with permanganate It 
was isolated in i88i by Forsl and Bolmngei It crystallizes 
in plates oi in piisinatic needles with two and one-halt molecules 
of watci, its melting-point is 166-167°, ‘I- ‘s dcMioiotatoiy 
Hj'drochloric acid acts upon the base at 150°, splitting oft methyl 
chloiicle, oxidation with chromic acid convents it into quinimc 
acid 


13. Chairamine, 

, -I- tLO Needles or piisms which m the hjdrous 
condition melt at 140°. in the anhydious at 233° Dextrorotatory 

14. Chairamidine, 

C22 Hji,N20 ,-I-I-LO Amoi pilous, dextrorotatoiy, inelting-poiilt 
of the anht'dious alkaloid 126-128° 

15. CONCHAIRAMINE, 

CjoHjiiN.Oi-l-HjO A veiy weak base, dextrorotatory, melting 
tn the anhydrous condition at 120° 

16. CONCHAIRAMIDINE, 

C22H2uN_, 04 -h HjO Needles which melt m the anhydrous con- 
dition at 114-115° Lievorotalory 

These last four alkaloids were isolated by Hesse m 1884 
from the bark of Renujia purdieana 

17. Aricine. 

Aricine, C22H2,|N20|, was discoveicd by Pelletier and Corriol 
in Cusco-baik {Cinchona pabcicens Wedd ) and its formula was 


Forst and Bohnngcr, B 14, 1055, 15, 519, i 60 
Hesse, A 225, 21 r 

Pelletier and Coiriol, Journal de pharmacic, 15, 575, A ch [2] 51, 585 
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deici mined by Gcrhardt It crystallizes from alcohol in prisms 
whiih melt at 188° It is Icevorotatoiy in ncutial solution, inactive 
m hydrochloiic acid 


18. CUSCONINE. 

This alkaloid, CssH^ijN^Oid- ’H^O, is found in Cusco bark 
in connection with aricine It ciystallizes in prisms melting 
at 110° and is lievorotatory 

19. CONCUSCONINE. 

Concusconmc, CasH.uNoO^ + HjO, occurs in the barks oi 
It melts at 206-208° and is dextrorotaton 

20. Homoquinine. 

Homoquinine was discovered by Paul and Cownley in 
the balk of Rcmipa pcdiinciilata, it was investigated by Hesse 
This investigatoi showed that homoquinine is an equimoleculai 
combination of quinine and cupieine, C1UH22N2O0- 

Bv the action of alkalies homoquinine is decomposed into a 
mi\turc of the two bases, while it may be synthesized from quinine 
and cupreine, when an cciuimolccular mixture of these bases is 
ticated with dilute sulphuric acid 

Homoquinine cr}^stallizeb from etliei in leaflets which contain 
two molecules of water or in prisms which contain foiii It is 
l^evorotatory and melts in the anhydrous condition at 177° 

21. Dtquinidine, or Diconquinine. 

This base, CjoH^i.N.Oa, is found in all the cinchona species 
and foims the major part of qmnoidinc^ the mass of amorphous 
cinchona alkaloids, which is obtained as a residue from the 


Htssc, A 181, c;8, 185, 320 
Leverkohn, Repertorutm der Pfiarmacie, 33, 353 
’""Hesse, B t6, 58, A 225, 211 

Paul and Cownlc}^ Piiarniaceiitical Journal, iSSi, 599, 1884, 221, 270 
Hesse, B 15, 854, A 225, 95, 226, 240, 230, 55, 
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ciysLalhzoLion ot Lhe sulphates The base aad its salts do not 
ciystalhze, they are dextroiotator)' 

Quinic Acid. 

01 the many non-niLiogenous substances which aie found m 
the cinchona-baiks (page 33S), quinic acid occuis in largest 
quantity (5-8%) It coabequently seems not inadvisable biiefly 
to consider this derivative 

Quinic acid was discovered in cinchona-baiks by Hoimann 
in 1790 Its toimiila as determined by Liebig is C7HijOo. 
It civstalhzes in monoclmic pi isms, is leadily soluble in watei, 
melts at i 6 t 6 *^, and is hTvoiotatoiy 

It IS a monobasic acid containing foui alcoliohc hydioxyls; 
by the action ot acetyl chloiide its esteis arc converted into tctia- 
acetyl derivatives The acid may consequently be formulated 
as lollows 

C,H7(0H).C00H 

It IS higlily probable that quinic acid is a dcuvative of a 
hexahydio-benzol. All its decomposilion-pioducts aie in fact 
aiomalic dciivatives Div distillation decomposes the acid 
into hydiO([iiinone, phenol, Ijenzol, benzoic acid, and sahcyl- 
aldehyde Heating of its salts gives use to quinone, oxida- 
tion with manganese dioxide and sulphuiic acid yields the 
same result When quinic acid is boiled with hvdiochloiic acid, 
it foims hydioquinone and /^-oxybenzoic acid Phosphoius 
pentachloiidc comeiLs the acid into '///-chlorbenzoyl chloiide 

According to all these leactions quinic acid appeals to be 
best lepiesented as a hc\aJiyd}o-icl>aoxybnizoic acid 

’■’"Hesse, B 10, 2T55, t 6 , 5S 

r C Hofmann, Aiiiinle)!, 2, 314 

Liebig, [niuilcu dt} P/iy^ik und Clicniic, 21, t, A 6, 14 

’ 3 ’ rung and Hillebrand, \ IQ3, 197 Erwig and Kunigs, B 22, 1457. 

‘J'’ Wohliir, \ 45, 354, 51, 146 
Woskresensky, X 27, 2^7 
Hesse, \ 200, 238 
Graebe, A 138, 197, 146, 66 
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THE STRYCHNOS ALKALOIDS 

The plants of the genus Strychnos (iamily of the Loganiacece) 
yield shycJininc, brucine, stiychniune (’^), and seveial ciuaic 
alkaloids 

The mix vomica, the seed of Sliychnos Nux-vonuca L , 
contains about i stiychmne and about the same amount 
of brucine, the '‘lalse Angustura-baik ” from the same liee 
shows nearly the same alkaloidal content, as do also the seeds of 
Shydinos Igiia/n Bcig , the so-called “St Ignatius’ beans” 
Both these alkaloids aie found, fuithcimoie, m the woody root 
of Shycknos iolubiina L , and m that oi Stiythnos Ticiitc Lesch 

Ciiiaie, the daik, lesmous extiact of se\eial species of 
Strychnos, paiticulaily of Shyrhno!^ toxijoa Bent , and SUyehnos 
CQSleUiaca Wedd , contains a numbei of poisonous bases, lubo- 
tuiainic, ciirincj ctoanne, proioturinc, protocnndine, and prolo- 
cmaruie 

By many of the Indians of South America cuiaie is used as 
an aiiow-poison It appears to be a viiulent poison only when 
admimsteied thioiigh the slcn It paialyzes the motor nerves 
and kills by suffocation. 

I. Strychnine. 

Stiychmne was discovered m “ St Ignatius’ beans” by Pelle- 
tier and Ca\entoii* m iSiS Its composition is lepicsentcd 
by the formula C2iHo2N20^ It ciystallizes fiom alcohol m 
prisms which melt at 269° It is almost insoluble m water and 
IS dilTicultly soluble in the ordinary oiganic solvents In its 

’ Pelletier and Caventou, A ch [ 2 ] 10, 142, 26, 44 
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action on polarized light, it is hev^orotatory Its taste is veiy 
bittei and at the same time metallic, its physiological propel ties 
class It among the most powerful of all known poisons 

Strychnine shows an alkaline leaction; it is a teitiary, mon- 
acid base, and accordingly forms salts with only one molecule of 
acid, although it contains two nitrogen atoms in the molecule ^ 
The action of hydiochloiic acid at 100° does not occasion 
the elimination of methyl chloride,’* stiychnine, consequently, 
contains no methoxyl group. 

Sulphuiic acid, nitiic acid, and the halogens form substilution- 
pioclucts, ‘ this leads one to suspect the presence of an aromatic 
ling in the molecule 

Oxidizing agents readily attack strychnine, but the vauous 
products oh)tained have as yet thiown but little light on the 
constitution of the alkaloid Potassium ferncyanide gives use 
to an o\y5ti3Thninc,^ potassium permanganate to 

stiychnic'f' acid, CiJiuNOj 4-H20, an amorphous body ixjssess- 
ing both acid and basic piopertics “ Chiomic acid converts 
str3chnine into an acid ol the formula + 

This acid melts at 285^ with the evolution of caibon dioxide,’ 
and on distillation with zinc-dust yields (accoichng to Locbisch 
and Schoop®) carbon dioxide, acet3lene, and carbazul The 
formation of caibazol also points to the piesence of an aromatic 
ling in the molecule ot sti3chninc 

Fusion with caustic potash converts sti3^chnme into (lumolinc 
bases, butyric acid, and indol ® Distilled with June the alkaloid 
yields ammonia, ethylamine, ethylene, /?-picolme, /?-lutidme, 


‘ SchoU?, B 31, 1700 
^ Shenstonc, Soc 43, loi, 47, 

* Mituinni and Ortoleva, G 30, [, ^0 
^Beckutts, Pharviaccnhsckc CoulralhuUcy iHSi, 325 
C r 96 1671 

M-IansiLii, B 17, 2S_j9, 18, 777, 1917, 20, .|t;i 
^LoLbihch and Schoop, l\r 7, 6oc) 

® rTolfUcbmidL, B 15, 1977 Lochi^ch and Sclioop, M 7, 73 
J The name slr^chnlc is here used insU^d of strychninic to avoid confusion 
\\ilh another deiivative which hearb the latter title 
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skatol, and carbazol.'“ Distillation with zinc-dusl gives use to 
sinnlar products ammonia, ethylene, acetylene, lutidme, cai- 
bazol.®’ “ 

Strycbnol (Stryclimmc Acid) — When stiychnine is heated with 
alcoholic soda it adds a molecule of watei and yields strychnol 


C,,H,,NA + H,0 -> Q,H„NA- 

Str>(-hnjne SLi 


This deiivativc, which has been studied chiefly by Tatel, 
affords us the most leliable data yet obtained legarding the con- 
stitution of strychnine 

Sti^chnol ciystallizes with foui molecules of water m needles 
which melt at 215 ° It dissolves in alkalies and is reprecipitated 
from its solutions by carbonic acid It is not, however, a phenol, 
as It was formed}' supposed to be, when it received the name 
ot ‘stiychnol,” but is a true caiboxylic acid Tafel acroidingly 
gives it the name strychmiuc acid 

Strychnmic acid dilters from strychnine in that it possesses 
a caiboxyl and an imide group, it is consequently an imido- 
carboxylic acid. Tafel e\[)lains the conversion oi stiych- 
mne into the acid by assuming that the former contains the 


.CO 


gioup Y 




, which by the absorption of water passes into the 


yCOOH 

grouping 


/CO 

N=C,oH 2204 I -h H^O 
'^N 

Slrvchnine 


/COOH 

N=C,oH,,0< 

Stryt hnul (satrs clininiL acid) 


Strychnol js a secondary tertiaiy base, Us imide naiiire is 
shown from the formation of a nitrosamine Strychnol docs not 


’“Slohr, B 20, 8to, iioS, 2727, J pr 42, 3Q9 Lot bibch find Malfatti, M 
9, 626 

“ Scichilone and Magnanini, G 12, 444 
Tafel, B 23, 27^1, A 264, 33, 268, 229, 301, 285, 304, 49 
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yield an ester jn the piesence of mineral acids, since the latter 
recunvcrL it into sliychnine The presence of the caibo\}I 
giOLip IS, however, indicated by the conveision of the moie stable 

mcUiylstrychmne vielhiodidc, into 

Its ester by tieatment with methyl alcohol and hydrochloiic acid 
The lelation of stiychnme to stiychnol is tiiither levealed 
by the action of the alkyl halides on the two bodies As a 
teitiaiy, monacid base stiychnme foims with methyl iodide only 
a monomcthiodide, C,iH22N202 CHJ If this is now treated 
with moist silver oxide, thcie is not obtained, as one might expect, 
tlie methyl hydroxide of stiychnme, 

CH3\ /CO 

\n=C2oH220s<; I , 

OH / 


but this derivative, seiving simply as an mteimediate product m 
the jeaction passes first into the methyl hydioxide of stiychnol 
and then into the betame-like derivative, luelliy/s/ryclimne, 

yCO OHv .COOH 

;.n=C2oH.20< I - >n=C2oH220< - 

CH3/ CIV ^NH 

Methyl hydroxide of strychnine M<.Lh>l hydroKide of strycluiul 


CH3' 


Mctliylstrychninc 


-.CO 

NH 


The constitution of mcthylstrychnme (slryclmolAnciliylbrfaifie) 
follows on the one hand fiom its secondary basic character (forma- 
tion of nilrosanime), and on the other from its yielding with 


hvdriodic acid siryohnol melhiodide, 


N=3p xs pv/(-OOH 

■IN , 


’^Tafel, A 264, 33 Monfang and Tafel, \ 304, 4Q 
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and from ihe reconversion of this iodide into methylstiychnine 
through the action ot sil\er o\idc 

Methylstiychnine, accoidingl}, appears to be a dcnvati\e not 
of strychnine but ot slrychnol 

Methylstrychnine can take up a second CH3 group and forms 
thus dimethylstrychninc, C2jH2iiN20i 

Or 7CO 

CH/ ^NCHg 

Dimerhi lsLr>chninL 

Tins dimethylstrychnme is also formed by heating the silver 
salt ol methylslrychnol methiodide 


I\ /COOAg 0 <- 7CO 

^N^C.oH^O^ >N=C.„H„, 0 < 

CH/ ''^NCH, CH/ ■ '^NCH3 

Mclhylstrvt-linol nii-thiudjde Dimeth\ l3Lr> chnine 


Dimethylstrychnme is thus methylslrychfiol-methylbctauic 
This derivative possesses the character ol a tertiaiy base and 
m its entile behavior, paiticulaily towards benzaldeh\TJe and 
nitrous acid and m the formation of (Destufls, shows the closest 
lescmblance to the dialkylated anilines, especially to nitiogeii- 
mcthyltetrahvdioqiiinolmc From this Talel concludes that 
the tiiatomic nitrogen ot dimethylstrychnme, \iz , the non-basic 


nitrogen of strychnine in the group / | , is diicctlv attached to an 


.CO 

I 

"N 


aromatic iing in the form of a f[uinoline nucleus 

The presence of a quinoline ring in the molecule of strychnine 
IS also indicated in the behavioi of the alkaloid towaid nitiic 
acid 

There is thus foimed m addition to piciic acid a monobasic 
acid, dunlrostiyclwl larboxylii acid, C3HjN(NO,)2(OH).,COOH 
When the lattet is heated with water to 200°, it loses carbon 


"Shenstone, Soc 47, Tatel, B 26, 333 
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dioxide and 3nelds diniirosUychol^ C9H3N(NOo)2(OH)2, which 
Talel regaids as a dinitrodioxyqiiinoline. Accoiding to this view 
stivchnine contains a quinoline ring, and we may assume that 
Uieie IS piesent the following grouping 

I 

CO 


N 



By the action of dilute nitric acid on strychnine, theie is 
formed furthermore a substitution-product, cacosb ychnmc,^"' The 
piesence of a (luinoline nucleus in the strychnine molecule is 
also indicated in anothei senes of deiivatives 

On heating stiychninc with baiyta-water to 140*^, Gal and 
Elard obtained two bodies of the lorniuhe CoiH^oNaOj and 
C^jHjyNjOr^, which they named dilnuhostrychninc and hiliyKho- 
slryclniuic TateJ^ who investigated the first compound more 
thorouglily, showed that its composition must be repiesented by 
C2 ;H,iN, 0H"H,O It is thus an isomer ol stiychnimc acid 
and may be designated as isosUyUiniuic acid In all its behavior 
isostiychnmic acid appeals to be most closely related to strych- 
ninic acid Like the latter it contains a caiboxyl and an imide 
giOLip, and on methylation iorms mcthylisostiychninic acid, 

/COOH 

N=C-)oH,oO^^ , 

'^^NCH3 

isomethylstrychmne, 

O; 7CO 

>N=C,oI-UO< ; 

CH3/ 

and isodimethylstrychninc, 

o- 7CO 

>N=CoH„OC 
CH3/ ^NCHa 

Claus and Glaisncr, B 14, 773 Tafel, A 301, 336 
Gal and Elard, Bl [a] 31, 98 
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All these alkylated iso-dciivatives behave towaid benzalde- 
hyde and nitrous acid and in the formation of dye^, etc , as does 
tetrahvdroquinoline 

It has, howevei, as yet been found impossible to convert 
strychnine into known quinoline deiivati\'es 

According to Tafel’s view the leliahydioquinoline ring in 
the molecule of stiychninc is united fiiithei with a pipeiidone 
nucleus, since the CO group in the complex, 


I 

CO 

I 

N 



must be again joined to the quinoline nucleus to form a ring, 
possibly in the following way 



Otheiwise in the transformation of stiychnine to stiychnol the 
entire complex of the stiychnine molecule would probably not 
remain intact 

The icduction of strychnine has led to a senes of derivatives 
which in their geneial bchavioi in many ways resemble tetrahy- 
droqiiinohne 

By heating stiychnine with hydriodic acid and phosphorus, 
Tafel succeeded in eliminating one of the atoms of oxygen and 
m obtaining the leduction-product, dcsoxyslrvchnine, C2iHj,^N20: 

Strychnine Deso'^ysLr\Uinine 
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DcsoxysLiychiniic ciyslallizes with Lhiec molecules ol water, 
the anli\dious denvati\e melts at 172®, distils without decomposi- 
tion, and 111 its tOMc action closely lesenibles strychnine, it is a 
monacid, leitiaiy base, in optical activity, lie\ orutatoiy 

The o\^gen atom, which has been eliminated, comes not 
from the carbonyl, but trom the gioup NCjoH_,,0, since desox}- 
sLi3'chmne, on being heated with sodium alcoholate to iSo°, is 
conveited into dcboxysiryciniunt acid — a reaction which is anal- 
ogous to that in which stiychmiuc acid is lormed 


.CO 

I 

DLss()\.\slr\ clinim 


+ H,0 


.COOH 




'^NH 

Dtsu\.vt,iryL.hniniL aLid 


By electiolylic leduction in sulphuric acid soluLion the second 
oxygen atom may be removed fiom desoxysUiThnine and theie 
results diliydi'obli'yclmoluic, 


/CO /CH, 

N=C,oH,„< I + 4 H — ] + H,0 

Nn 

Dcod'c vStry> hmne Dihydruatrvchaoline 


Dihydiosti}chnoIme foims prisms melting at 129°, it boils 
at 267-270°, It is dextiorotatoiy and is not a tetanic poison 
n strychnine is reduced with hydriodic acid and phosphouis 
and subsequently with sodium and amyl alcohol, it is conveited 
into stryduiohnc, CoiH^^No (crystals melting at 175-178°, not 
a tetanic poison) 

/CO /CH, 

I + 6 H N^CooH-,/ I + 2 H .0 

Sir^t-hnine Slrychnolmo 


Electrolytic leduction of strychnine gives use to two bases, 
telrahydjoshychnuic, and sirychnidiiic, C.iHoiN.O, 
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the latter o£ which is deii\ed from the foimci bv loss ot walci 
Strychnidine (a diacid base, ciystallizcs in needles, melting [xiint 
2566°) m all its behavioi most closel) lesembles dihydiostiych- 
nolme, it may consequently be lepiesentcd by the following 
foimula. 

/CH3 

N=C,oH..O^ I 

StryrhmJine 


Tctrahydrostiychiiine (diacid, secondaiy base, mclting-pomL 
202°) must then be lepiesented as follows 


Tctraindrubtrv'i hnine 


The second oxygen atom in ihc stiychmnc molecule has 
l)ecn the subject of consideiable study, but as yet little is known 
regarding its lunction It is not piesent in an o\vmethyl gioup 
(hjdiuchlonc acid does not split uli methyl chloiide) noi m a 
hvdioxyl (it is unaffected by acetic anhydiide) 

Tatel believes that we have hcie an ether grouping and 
this view IS not impiobably concct Mmunm and Oitolcva/^^ 
however, suspect the presence ot a hj'droxyl A benzoyl deiiva- 
ti\c of slnchninc, which is mentioned b} Schutzenberger and 
whicli would point to the existence ol a hydioxyl gioup, needs 
to be investigated more fully 

Despite the data which have been accumulated, oul knowledge 
of the constitution of strychnine is, as we see, veiy incomplete. 
We can at best only infer that the nucleus of the molecule com- 
prises a complex ring system 


Tatel, A 301, 2Q1, Ber 33, 2216 
Tatel, A 301, 293 

Mmunm and Orloieva, G 30, I, 39 
Schutzenberger, C r 47, 233 
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2. BR0CINE. 

Brucine was isolated in 1819 by Pelletier and Caventou 
from “talse Angustura - bark ” It possesses Ibe formula 
CjjHoijNjO,, and ciystallizcs in [irisms which oidinanly contain 
foLii molecules of water, ciystals with two molecules of water 
have, however, been nbseivcd The anhydrous alkaloid melts 
at 178° Brucine is very similar to sti3chnine, like the latter. 
It is a monacid, terliaiy, kmorotatoiy base Its physiological 
action is the same, though somewhat more feeble Its solubility 
in watei and alcohol is slightly giealer than that ot str3’ch- 
nine 

Biucine contains two methoxyl groups When the alkaloid 
IS healed with hydiochlonc acid to 140°, one molecule of methyl 
chloiide is eliminated and there is foimed a phenol-like deiiiatne 
which melts at 284° and which may be recoinerted into brucine 
by the action ol methyl iodide and caustic potash ’’ The pio- 
longed action of h3'drochloiic acid on biucinc eflects the elimina- 
tion of two molecules of 11101113! chloride 

The halogens with brucine loini substilution-pioducls, nitric 
acid yields mtio-deiivativcs, but at the same time acts as an 
oxidizing and saponifying agent 

Manganese dioxide, meicuiic oxide, and chromic acid oxidize 
the alkaloid with the foiniation of methyl alcohol, foimic acid, 
and caibon dioxide^'"’ 

Electiolytic leduction changes brucine to IdiuJiydrobnicinc, 
C23H30O1N, fmcltmg-pomt 208-209°) When this derivative 
is heated slightly above its melting point (215-220°) it loses 
watci and foims bmoidme, (needles, raelting-point 

m vacuo 198°) 


’’ rellelier and Cavcriloii, A cli [i] 12, 113, 26, 53 
” Zeisel, M 6, 0S9 Stienstonc, Soc 43, 101 
Hanssen, B 17, 2266 
Strecker, A 91, 76 
BaumcrL, A 70, 330 
Tafel, A 304, 24, Bcr 34, 3291 
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Boiling wilh caustic soda converts brucine into liydiohrnriiic, 
C23H2,N20s, this hydrobrucine, howevei, appears to be the 
analogue of strychnmic acid and is consequently named by Mon- 
fang and Tafel bmcinic acid 

/COOH 

N=C,oH,„(OCH3)20/ 

^NH 

BruLiniL at-id 

On fusing brucine with caustic poLash, Oechsner noLed Llie 
following pyiidme bases, which undei like conditions are also 
obtained fiom cinchonine (page 342) 

/?-Lutidine (/?-ethylpyri(Jine) 

61 Colhdine (na''-methyl-ethv]pyiidine) 

/? Collidine (/?-ethyl y -methylpyridine) 

According to Loebisch and Schoop,-'* biucine yields caibazol 
on distillation over zinc-dust Heated with lime it lornib such 
decomposition-pioducts as ammonia, ineth} lamine, /?-piculine, 
/ 3 -lutidme, and tiaces of skatol 

Biucine appeals to be the dimelho\y-deii\ ative of stiychninc 
In stiict coirespondence with the existence in biucine ot two 
methoxyl groups and with then absence in strychnine is the 
diilcrence, CJi,Oo, betw^een the molecular weights of the tw'o 
alkaloids Their similarity in behavior indicates that the tw^o 
bases are closely allied 

The above relation betwa^en the two alkaloids appears to be 
contiimed by an observation of Hanssen By the oxidation 
of strychnine and brucine with chromic acid he obtained the 
same monobasic acid, CisHj^NjO^ COOH (melting-point 263- 
20 


Motifang and TafLl, A, 304, 24 
Oechsner, C r 95, 298, 99, 1077 
Loebisch and Schoop, M 7, 609 
^“Stoehr, J pr 42, 415 
Hanssen, B 17, 2S49, 18, 777, 1917, 20, 451 
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Brucine and strychnine, accordingly, contain the same group, 
CigHi^NjO^,, and dilfci only in that pait ot the molecule, which 
oxidation conveits into a caiboxyl gioup This bccond pail 
contaiiib the two methoxyls of biucinc, since they arc not found 
m the oMdation-product We may then formulate the constilu 
tions of the two alkaloids as follows 

Sir', din me BrutiriL 


It ma\ be noted in passing that the yield of the acid in question, 
CisHiyN^OjfCOOH), lb \eiy small — a laet that slightly diminishes 
the value ot Hanssen’s evidence 

3. Strychnictne. 

Booisma recently desciibcs undci this name a new allaloid 
which he claims to have exlraeled tiom the leaves ot SUytJuios 
N lix-vomica 

Str_\chmcinc crystallizes in anhydious needles which darken 
without melting at alxiut 240° The tice alkaloid is tasteless, 
but Its soluble salts aic biller The toxicity of strychnicine is 
com[)aiativcly slight 


4. CURARE ALKALOIDS. 

Roulin and Boussingault m 1830 obtained fiom cuiaie a 
crystalline, very poisonous alkaloid, which they named aDa^tne 
A lack ot agieemcnt m the foimula" proposed for the substance 
leceued no explanation until the investigations of Boehm 
showed that curare contains not one but a nunibei of poisonous 
alkaloids 

Boehm studied three sorts of curare. These may be dcsig- 

Bulhlni dc VlnshtHi holaniqiiL dc Builnizorg, No 14, 3c) 
Roulin and BoubSingauU, A ch [2] 39, 24 
C 1 60, 131.6 Sachs, A 191, 254 
Boehm, \ Pharm 235, 660 
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nated, according to the mode in which they are oiiginally packed 
for transpoitation, as 

Tnbc-turarc (packed in bamboo tubes), 

Calabash-curarc (packed in bottle-gourds); 

Poi-mrare (packed in small pots of unbuint clay) 
Tube-curare, of unknown botanical origin, is the only one of 
the thiee on the maiket It contains two alkaloids, lubocnrarine 
and tin me 

Tubocurarme, CiuH2iNO„ forms a leddish-brown, loose 
powder It contains a methoxyl group, possesses the chaiacter 
of a quaternary base, and is bitter in taste Cuiinc, 
crystallizes in colorless, lustrous prisms Its melting-point is 
212® It is a tertiaiy base, contains a methoxyl group, and in 
sulphuric acid solution is l^evoiotatoiy Fusion with potassium 
hydroxide gives use to amine bases, distillation with zinc-dust 
produces probably quinoline derivatives Curme is at 6rst sweet 
to the taste, but latci bittei 

Calabash-cuiaie is derived fiom Sliycluws toxijoa It con- 
tains cm mne, CiJ-Io^iNX), an amorphous, intensely bittei alkaloid. 

Pot-cLiraic comes liom Strythuos tastclnaca and contains 
three alkaloids, piolocurme^ pjoiocin idnu\ and pjolociuai me 
Protocurinc, C_,oH,jN03, forms kistious needles which melt 
at 306®, It shows weakly the toxic propeities ot cuiare Proto- 
curidine, Ci^HoiNOj, ciystallizes in piisms melting at 274-276®, 
It IS not poisonous, Protocurariiie, Ci 9 H 23 N 02 , is poisonous. 
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ALK/VLOmS FROM PEG^NUM HARMALA 

The seeds of Fegamtm ha) mala L. (family of the Rutacetc) 
contain two principal alkaloids, Ci-jHuNsO, discovered 

in 1841 by Goebel/ and liaumiic, CijHi2N_,0, isolated m 1S47 
by Fiilzsche.' In addition to these there occurs in small quantity 
the alkaloid liaif/ialol^ C^jHioN^O 

These bases are found as phosphates in the integuments of 
the seed The alkaloidal content of these amounts m weight to 
about 4%, of which harmaline foims nearly two-thirds and 
haimine onc-third 

These alkaloids have been studied by Fritzsche,^ by O. Fischer 
and Tauber/ and by Fischer ‘ alone 

I. Harmaline. 

Harmaline ciystallizcs from methyl alcohol In colorless^ 
lustioiis plates which melt with decomposition at 238° It is 
slightly bittei to the taste It is almost insoluble in water, difh- 
cultly soluble in cold alcohol and ether, and dissolves leadil} in 
hot alcohol It is a monacid, secondary base, optically inactive, 
Its salts aic coloied yellow, in solution it exhibits a blue fluoies- 
ccnce, similar to that of acridine Extracts of Pcgamim hai- 
wa^a aie fic{|uently used in the Oiicnt for dyeing substances 
red 


‘ Goebel, A 38, 363 

2 Fnlzsrhe, A 64, 360, 68, 35T, 72, 306, 88, 327, 02, 33° 

3 O Fisrher and Tauber, B t8, 400, 22, 637 

^ Fisrher, B 30, 2481, P;//zc LiiilpohPs Fcstschnjt, Erlangen, 1901 
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Harmaline, CiaHijN^O, is a dihyclio-di-*ii\ali\c of harmine, 
CigHioNjO Ovidizing agents such as potassium pcinianganatc 
convert it into harmine. 

As a secondaiy base harmaline yields a meth}! denvalnc, 
mclhylliarmaliue (small, colorless crystals, melting at 162*^), and 
an acclyl derivative, acclylliannalinr (melting-point 20_|-205°) 
Haimalme is an iinsaturated body, reduction with sodium and 
amyl alcohol or with zinc and hydrochloric acid occasions the 
addition of two hydrogen atoms with the formation ot dihvdro- 
harmalnir, This derivative melts at iqq° and is 

likewise a secondarv base (benzoyl deiivative) 

Harmaline contains a methoxyl but no nitiogen-melhyl gioiip '' 
When the alkaloid is heated with fuming hydrochloiic acid at 
T40®, methyl chloiidc is eliminated and theic icsults a hydioxyl 
derivative, harmalol, of the formula CioHi^NgO 

Ci.H,,N,(OCH 0 -{-HCI — C,gHHN2(OH) +CH3CI 

Hnnnahne Haimalol 


Harmalol ciystallizes in red needles which melt at 212°. It 
possesses the piopertics both of a base and of a phenol. As 
we ha\e alieady noted, haunalol is found in small quantity with 
harmaline and harmine in the seeds ot Pegaunm ha) mala 
In all piobabihty the molecule ol harmaline contains a benzol 
nucleus With nitiic and sulphuiic acids the alkaloid gives the 
chaiacterislic reactions ot aromatic derivatives, heated with 
sulphuiic acid it yields a sulphonic acid, with fuming nitric 
acid it toinib a nibolmmalnic, CuHj3(N0,)N20, and some 
vilfolnnmuic, which comes fi-om the oxidation of nitiohaimahne. 

Much more conclusive, however, arc the results obtained by 
boiling har'malme with nitric acid (density i 48) Theic is thus 
formed in connection with some hannmic acid (page 398), 'Uilra- 
msic acid (melting-point 188-180^) 


^ and M< ' rr, M t6, soo 
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COOH 


CH,0— 


NO, 

Nitnnibic ni id 


This niLianisic acid is dciivcd aiipaicntl}/ from an inteimcdialc 
pioducL, mcthovy-nilrophlhalic acid, through the elimination 
ol caibon dioxide Haimaline must-, then, contain a complex 
of nine caibon atoms, ai ranged as follows 



The iclation ol the two niliogcn and the icmainmg tour 
caibon atoms to this giouping is as yet unknown. 


2 HARMINE. 

Haiminc sepaiatcs iiom its alcoholic solution in prismatic 
needles, it is little soluble in cold alcohol and cthci, almost in- 
soluble in watci Its melLing-poml is 256-257° liarmine is 
optically inactive and may be sublimed Like haimaline il is a 
inonacid, secondary base 

The salts of haimine are coloilcss and in aqueous solution 
give a beautiful, indigo-bluc nuoicscence The colorlessncss of 
the salts of liaimiSe in compaiison with the yellow color of those 
ot haimaline is somewhat stiikmg, since most colored organic 
compounds lose then roloi on reduction 

The comcrsion of liarmmc into harmaline has not, as yet, 
been cficctcd, since i eduction of the foiiner leads to the formation 
ot dilnchohaimalmc, which may consequently be called tetra- 
hydf oliarniuic. 

Haiminc, like harmaline, is an anisol Hydrochloric or hydri- 
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odic acid eflects the elimination of methyl halidu and tluis gives 
rise to a phenol, hannol^ CjaHjoN^O 

C,,H,N>( 0 CH 3 ) +HI Ci,H,N/OH) + CH3I 

Harmmc Harmol 

Harmol cr}stallizes in needles which melt at j2i® It dis- 
solves in caustic alkalies and is reprecipitaled tiom itb< solutions 
by carbonic acid On fusion with caustic potash it yields an 
acid, hannolic acid, C,,Hn,Nj05 (melting-point 246-247*^) 

The oxidation ot haimine 01 haimol with chiomic acid in a 
solution of glacial acetic acid gives use to a dibasic acid, harm nut 
acid, Cj,HuN 2(COOH)2 In this leaction the methoxyl g!()U[) and 
th^ two caibon atoms have been eliminated and two othei caibon 
atoms have been conveited into caiboxyl groups In all pioba- 
bility the toimation of haiminic acid is biought about thiough 
the destruction of the benzol nucleus 


(CflHoN,) 


/I 


\l 


OCH, 


Harmine 


X— COOH 


(C„H,N,): 


\, 


\ II 

V— COOH 

IlanniriK acid 


This acid crystallizes from hoi ^vatc^ in lustrous needles 
It melts at 345° and at the same time loses two molecules of car- 
bon dioxide, apoharmine, CsH^Nj, being tnrmed 

The two carboxyls m haiminic acid aic on neighboiing car- 
bon atoms (flunreseem formation), it is a secondaiy derivative 
(methylhaimimc acid) 

Apoharmine, which melts at 183°, is also a secondary base. 
Its moleculai veight coriesponds with the above foiinula Re- 
duction with hydnodic acid converts the base into dihydroapohat 
mine, CsH,oNj, action with nitric acid gives rise to a nitio- 
dein itive. 



CHAPTER XXX. 


ALKALOrDS Or THE \CONITC GROUP 

The diflerent species of the genus Aconitum (family of the 
Ranunculacetti) contain a numbei of alkaloids of which several 
are as vet somewhat ill-defined The material aflorded by the 
numerous investigators who have studied these bases is often 
incomplete, not infrequently contiadictory Tt is very probable 
that this has been due in some cases to impure pioducts and 
in othei cases to an application of difiercnt names to the same 
substance 

The investigations of Wright and Luff/ which begin m 1875, 
those of Dunsian and his colaborers/ and those ol Freund and 
Beck ^ have done much to dispel this confusion They have 
1 educed the supposed numbei of the alkaloids of aconite, have 
cluLiacteiized more sharply individual mcmbeis, and ha\e con- 
tiibuted some interesting matter regarding the constitution of 
these members 

Nearlv ever) one of the diflerent species of Aconitum is charac- 
teiized by a distinct alkaloid or alkaloids 


» Wright and Luff, Soc 31, 146, 33 » 324, 35 » 3^71 B 8, 1466, 9, 1S04, 

IT, 349, 1-67, 12, 121S 

2 Dunsian and Ince, Soc 59, 271 Dunstan and Umney, Soc 61, 3S5 Dun- 
stan and Passmore, Soc 61, 395 Dunstan and Carr, Soc 63, qqi, 65, 176, 290, 
67,459, ^ 27,994, 28,1370 Chemical News, 72, 59 Dunstan and Harrisson, 
Soc 63, 4 13 , 65, 174 Dunsian and Cash, Soc 68, 37S, 384 

3 Freund and Beck, B 27, 433 * 7^0, 28, 192, 2537 
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Atonilitiu NapcUiis contains ... 

Aionitiim jcrox contains 

Aconiliuu Japonicum contains 

Aionilum Jiclerophyllum contains. 
Atomtifui Lytocionum contains .. 


(i) aconitine 

and (2) piciaconitinc 

(3) pseudaconitine. 

(4) japaconiLine 

.. .(5) atisinc. 

(6) IjTaconitinc 

and (7) mycoctoninu 


All these alkaloids of aconite are esters, which on licalmcnt 
with an alkali 01 mineial acid undeigo hydrolytic dissociation 
into a base containing hydroxyl and into one or moie acids 
In the plant the alkaloids are in combination with aconitic 
acid, wdiich also occurs in several plants not found in the genus 
A coni turn 


I. Aconitine. 

Afoniliuc was discovered by Geigei and Hesse ’ in 1833 in 
the loot and leaves of the aconite {Aconilnm NapcUns L ) 
Undei this name it is tound on the maiket, but the pioducL thus 
obtained does not foim a homogeneous substance Wright 
and Lulf have showm that the amorphous commeicial aiLicle is 
a mixture ot at least t\vo dilicient bases, for one ot which, a 
ciystalhne body, they letained the name Qionitinc and to the 
other, an amoiphous substance, they ga\e the name pici atom- 
ic nc 

The composition of aconitine has not been fully established. 
The two most piobable foimuke foi the alkaloid are, how^evei, 
(Dunstan) and CjjH47NOn (Freund and Beck) 

Aconitine ciyslallizes in piisms from a mixiuie ol alcoliol 
and ether Its melting-point vanes somewhat wath the lapidity 
of heating, iSg-ipo'^ (Dunstan), 107-198° (Freund and Beck). 
It IS almost insoluble in watei, readily soluble in benzol, alcohol, 
and chlorofoim, more dil-ficultly so in ether The alcoholic 
solutionis dextrorotatory, aqueous solutions of the hydiochloride 


^ Geiger and H<.sse, A 7, 267 
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01 hydrobromide are Irevoiolalory The tasle ot aconitine is 
shaip and bitLei It produces on the longue a peculiar ];)ijckling 
bcnbation, strongly imtales the mucoui^ membiane, and is one of 
the mob,t povveilul of the alkaloicial poisons 

It IS a Icrtiaiy base, in leaction weakly alkaline It contains 
loui methoxyl and i)iobably thicc hydroxyl gioups 

Halogens act upon aconitine, producing substilulion-producls 
When the alkaloid is healed by itselt, 01 with watei, dilute 
acids, or alcoholic potash, it sullcis a paitial decompobition 
i' On being boiled with a 5% sulphuric acid 01, bettci still, 
with a saturated solution oi taitaiic acid, aconitine loses the ele- 
ments ot a molecule of watei and yields apoaconitine 

CaJdr.NOi,— C„H,,N0n+H,0 

XcdihLiik Xpoacunitine 

Acetic and benzoic anhydrides occasion a similar action, but 
the elimination is in this case accompanied by the ff)iniation 
ol an ester and vve obtain a monacct}!- and a inonubenzo}l-apo~ 
aconitine 

Afjoaconitme forms ciyslals which melt at 186^^ 5, it is fully 
as poisonous as aconitine It possesbes only one hydioxyl gioiip 
and beats accordingly the lollowing lelation to aconitine 

(C3,H.,N0„)^0H (C33H,,N0„)^ h' 

\or-r 

Aron 111 no ApoaconiLinti 

Dunslan and Passmoic state that apoaconitine may be rc- 
conveitcd mto aconitine by the absoiption of watei 

2' When aconitine is heated with watci to 120-130°, 01 it 
is tieated with alcoholic potash or dilute hydiobromic acid, the 
molecule is saponified and thcie aic foimcd acetic acid and picta- 
coniline 

C,3H„N0,,-I-IT0 -- C 3 ,H„N 0 aH-CJi, 03 , 

or + C,2Hj,NOioPCJiA 

Au^nitinc PiLraconitino Arctic acid 


^Ehrenberg and Purfuisl, J pr 45, 604 
® Jurgens, J 18S5, 1722 
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Aconitine is accordingly the acetic ester of picraconitine. 


C3,H3oNO,(OH)3(OCOCH3), C3iH3„NO,(OH).. 

Ai-omtmL Pit raconilme 


The regeneiation of aconitine fiom picraconitine by prepar- 
ing the acetic estei of the lattei has not as yet been ellecled 

On being heated with water to 140-145°, with alkalies, or 
with mineial acids, piciaconitine is also saponified. It is thus 
decomposed into benzoic acid and acomne 

Q.K^^NO n + H ,0 — C,,H 3 „N 0 .0 + C7H3O2, 

or C3,H„N0,„ + H30 ~ C,3 H,.NOo 

PicraLontLinL. Acomne E^enzojc acid 


Aconitine is consequently acclyl-bmzoylaconine, 

C H NO ^ COCH^ 

On the supposition that this base contains four methoxyl 
and three hydroxyl groups, the complicated molecule ot aconitine 
may be toiinulaled as iollows 


QiH2,N(OH)3(OCHO,(OCOCH3)(OCOCoH5). 

\cunitino 


3' According to Dunstan and Carr, when aconitine or its 
salts aie heated above their melting-point, decomposition ensues 
into acetic acid and pyracomlme 


C33H,5N0,3“> Cs.H^.NO.o+CsHA- 

Aconitine PiraconiLino Aoetic acid 


This last base fonns crystals which melt at 167° 5. It is 
lievorotatory in acid solution and is non-poisonous. With acetyl 
chloride it yields a tnacetyl derivative 

I 
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2. PlCRACONITINE. 

Picraconiline bears the foimiila, according to Dunstan, of 
CaiHj^NOii, according to Fieund and Beck, ol C^sHi^NOio 
This second alkaloid of Atouituhi Napelliis is an amoiphous, 
veiy bitlei, non-poisonous substance, it melts with decom[)osi- 
tion at 125°, it IS difficultly soluble in watei, readily so in alcohol, 
in neutial solution it is dexLio-, in acid hevoiotatory 

We ha\e alicad> noted above that in the saponification of 
aconitine, piciaconitine occuis as an inteimediate pioduct, 
which on iLiither action of alcoholic potash is decomposed into 
benzoic acid and aconine Piciaconitine is conscrjuentlv the 
inonobcnzuic ester ot aconine 

It contains foiii metho\\l and four hydioxyl groiqis Acetyl 
chloride at 100° convcits it into a tctiacetyl deiivatne, which 
IS not, however, as one might suspect, identical with tiiacctyl 
aconitine 

Aconine, C^iHgnNOio or C^sHnNOn . — Aconine forms a 
lesinoLis, deliquescent mass, leadily soluble in watei and alcohol, 
insoluble m ether. It melts at 132°, is extremely bitter, but 
possesses almost no ph\siological action In neutial solution 
the base is dcxtioiolatoiy , m acid, kevorotatoiy Fehling’s 
solution or an ammoniacal silvci solution is reduced on being 
boiled with aconine The base is not affected by nitric acid, 

Aconine contains four rnethuxyl and five hydroxyl groups, 
with benzoic anh}dnde, howevei, it yields only a dibenzoyl and 
^MLh acetyl chloiide only a tetiacetyl dciivative 

Rcgaidmg the btiiictuie of the molecule of aconine we know 
as yet hut little Fioin the oxidizing action ol potassium per- 
manganate only oxalic acid appeals to have been detected 
On distilling the base with bauiim Iwdroxide, Ehienbeig and 
PiiituisL obtained, in addition to hydiocaibons of the fatty sciies^ 
mcLh}laminc and a base (boiling-point 237-240°) which appeals 
to be quinoline or tetiahydioquinoline. 

In addition to aconitine and piciaconitine, there are found 
in Aconilum Napellus several othei alkaloids, such as the aconel- 
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line ol T and H Smith/ the napellnic of IMorson/ tlie atolvtlnic 
of Huhschmann/' the isoaconiluic of Dunstan and UmnL\ These 
are, however, probably all identical with one oi anothei ol the 
aconite alkaloids mentioned at the beginning ol this chaptei 

3. PSEUPACONITINE. 

Pscudaconiinic is found in Atomtnm jcro\ Wall as a civstal- 
line del native, together with a little aconitine and a somewhat 
laigei quantity of amoiphous bases It was toimeily desciilx^d 
in an im[)uie condition under diffcient names by Wiggors, Lud- 
wig, Fluckigei, and Hubschmann, but was hist isolated as a 
puie dciivativc by Wright and Luff m 1878 They ga\'e to it 
the name pseiidaconitine and dcteimmed its com[)()sition as 

C3,3H,,jNO,2 

Pseuclacomtine ciystallizes in pi isms containing one molecule 
of watci, in the anhydious condition it melts at Joi° (Dunstan 
and Can), 210-212° (Fieund and Niedcihofheim ‘ 0 , it is almost 
insoluble in watci, somewhat difiicultly soluble in cthei, leadily 
soluble m alcohol and chlorofoim It is burning to the taste 
and is still more poisonous than aconitine, m ncutial solution 
it 13 de\tio-, in acid, lce\orotatoi} In its behavioi it closel)' 
lesembles aconitine 

When pseudaconitme is heated with watei to 135° it jb 
decomposed into arelic acid and picropsciidaconilinc 

CgnHpjNO -h H>0 C3,H „NO , , + C .H.O. 

PsLudaconitine Piciop^t-uddconitinc A.llIk acid 

Picropscudaconitine ciystalhzes horn ethei with one molecule 
ol watei, it 15 lajvoiotatory, melts at 210°, is almost insoluble 

’T and H Smith, Phnnnacciilua/ Joitnmly [3] 5, ^17 
^ Morion, AnjuIch dey P/iysik mid ChcmiCj 42, 175 
° HubsLhmann, J 1857,416, 1866,483 
’MVnglU and Lull, Sul 33, 151, 330 
" Fieund and Nicdcrhufhcim, B 29, 852 

1 '’ Dunstan and Carr, Chemical News, 72, 59, 84, 27 Clionihci-Zeihiug, 

1373 
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in w.Uer, readily soluble in alcohol and ether, and is not poi- 
sonous 

Under the action of alcoholic soda at 100°, pseudaconitine 
sutlers decomposition into aoelic acid, veralric acid (page 288), 
and phcudacoiiinc 

^ 30 ^l(|hlO |> -f- 2H2O > C 25 H 3 |)N 08 -b CqH |||0 I + CjHiOn 

Pbtudat onitinc P^PtidaLonme Vcratric and Atctic and 

Pseudacnninc is a yellow, deliquescent, amoiphous substance 
which melts at 100° and dissolves readily in water, alcohol, and 
ether It leduces silvci solutions, is strongly alkaline in reac- 
tion, contains four methoxyl groups To the taste it is bittei, 
in optical activity, dextioiotatoiy 

The action of dilute mineral acids or of lartaiic acid elim- 
inates fiom pseudaconitine a molecule of watei and gives use 
theieby to a popscudacniiihiic 

C„.H,,N0,2— C,„H„N0„+H20 

Psi-udaconiliMO ^p(ips« udaconilmc 

This ciyslallizes with one molecule ot water m needles which 
melt at 102-103° It louiis a monacctvl and a m()n()benzo\l 
deii\Mti\c and possesses accordingly one hydroxyl group 

B\ the action of alcoholic polasl'i at 140°, pseudaconitine (as 
also apopseudaconitinc) is decomposed into acetic acid, veratiic 
acid, and a popscudacoiiinc 

C O I , + 2H2O — C,,H -h C„H HjO , -h C J-I/J, + H.O 

PbLuddUjni Lille. AptipeiLiidacuiunc Vcrairic a< id Acotic acid 

Apopseudaconinc is much like pseudacomne, it contains two 
hydiOMl groups and toims with acdic and benzoic anhydiidcs 
diacetyl and dibenzoyl dciivatives 

From all these teactions, pseudaconitine appears to be acctyl- 
vciati} Ipseudaconinc, 

PjCudaconifini? 
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Of the structure of pseudacomne little is known. Possibly 
it may be an anhydro-deiivative oi aconinc (page 403). 

4. Jap ACONITINE. 

Wright and Luff obtained fiom the root of Japanese aconite 
(Aconitum Japonicum Hort ) an alkaloid which they named 
'japaconilinc and to which they ascribed the foimula C,;,jH88N202i. 
This alkaloid is a crystalline body melting at 185-186°, it forms 
a tctiabenzoyl derivative Alcoholic potash saponifies the base, 
guing rise to benzoic acid and the amorplious japaconinc (closely 
resembles aeon me) 

Japaconilirie Japieonnie B(.n2(iiL acid 

Mandelin as also Freund and Beck regard japaconitine as 
identical with aconitine. On the other hand, Dunstan and 
Read contend tor the existence ot lapacomtine, only they assign 
to the base a diffcicnt lormula and somewhat difieieiit piopeities 
from those noted by Wright and Luff 

Then toimiila foi the alkaloid is C^jHjgNOn, melting-point 
204° 5 It contains an acetyl, a benzoyl, and four methoxyl 
gt Clips and yields well-defined salts The free base is dextio-, 
the salts ItTvoiotatory The specific lotatoiy power of japa- 
coniline is gieatei than that of aconitine and the diilerence is said 
to be suflicientlv chaiacteristic to serve as a means of distins:uish- 
mg the two bases 

On saponification, japaconitine yields first acetic acid and 
japbenzaconine (crystals, melting-point 182-183°), 

C,.H,,NO , , T H2O C 32 H,,N 0 ,0 + C 2 H, 02 , 

lapacunitmt: Japbp[izni:onine A( elic acid 

and then the latter is m turn dissociated into benzoic acid and 
'japaconinc (amoiphoiis) 

Wright and Lulf, Sor 35, 387 
Mandelin, \ Pharm 223, 07, 129, i6t 
Dunstan and Read, Snr 77, 41^ 
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C 32 Hi 7 NOio + H20 > C25HJ3NO9 + C 7 H„ 02 . 

rapbenzac(»nine Japaconine Benzoic acid 


When japaconitine is melted it yields acetic acid and py}0’- 
japaconilnie, CjJdjr, NOy {a pojapbcnzatonnic)^ which like the 
aconitine deiivatives expciienccs fuiLher decomposition into 
benzoic acid and pyrojapaoonuie, C^^H^NOa {apojapaconinc) 
(amorphous). 

5. Atisine 

Atisinc, C03H3LNO2, IS found, accoidmg to Jowett/® in the 
root of Acouiium licieyophylliun Wall It is an amoiphous 
substance, little soluble in water, more leadily soluble in oiganic 
solvents It IS not poisonous. The lice base js Icevo-, tlie salts 
dextiorolatoiy 

6. Lycaconitine and 7. Mycoctonine, 

Dragendoiff and Spohn found in the loot of Aconiliim 
lycociofium L two alkaloids, lycaconitnie^ C 27 H 3 ,N 20 ,j + 2H30, 
and mycocionme, C 27 H 3 ,jN 20 « + sH20 Fiom (he saponification 
of both these aie obtained lycacouinc, Cj3Hn„N,Oy, a ciystalline 
acid, lycoclonic acid^ Ci7HiyN207, and a dio\yhcnzoic acid 

From the same plant Hubschmann has isolated two alka- 
loids which he names acolyclinc and lytocloninc Wiighl, how- 
ever, considers that these are identical with acomne and pseud- 
aconine. 


Aconitic Acid. 

Aconitic acid, which occurs m the plant in combination with 
all the aconite bases, was isolated by Pcschier in 1828 It is 
a tiibasic acid, whose constitution, 


^®JovveU, Soc 69, 1518 

” DragendorQ and Spohn, Pkanuaceiilisclic Zeilschrijt jut Riissland, 23,313 
Hubschmann, J 1866, 483 

Peschier, TrommsdorPs Journal dtr PharmaciCj 5, i, 93, 8, 1, 266 
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CH,— COOH 
C— COOH 

II 

CH— COOH 

^roniLic acid 


IS established by the Killowing icactions 

i' When heated to its melUng-point (187-188'^), aconiLic 
acid 13 decomposed into carbon dioxide and ilatoniL anhydfidc 
2' Reduction with sodium amalgam gives use to tncmhallyhc 
acid 

3' A.conitic acid reacts with one molecule ot hydiogen bin- 
mide to foim biomlncarballylic ncid^ C^H^BrOQ, and with thiee 
atoms oi biomine to form Iribiomincarballylic acid 
4' With hypochloious acid it yields thlorciLnc acid 
5' Finally by heating citiic acid alone, or with concentialecl 
hydrochloiic or sulphuric acid, water is eliminated and aconitic 
acid is obtained 

The relation of aconitic acid to ilacomc, tiicaiballyhc, and 
citiic acids IS clearly set forth in the following foimuLe 


CH.— COOH 

I 

C— COOH 

II 

CH, 

Itaconic -icid 


CH,— COOH 
CH— COOH 

I 

CH— COOH 

TiiCLirb'ill^ lie acid 


CH— COOH 
C(OH)— COOH 
CH— COOH 

Citric ai id 


CH,— COOH 
C— COOH 

II 

CH— COOH 

‘-VuinitK and 


Later syntheses of aconitic acid fully substantiate the coiiect- 
ness of the above foimula for the acid 

One of these (Claisen and Hoii) is of considerable mtciest, 
since it staits with the csteis ol oxalic and acetic acids and thus 
indicates the possible origin of aconitic acid m the [ilant 

“‘^Crasso, A 34,56 Desbaignes, C 1 31,342, 42,494,524, 55 , Sio Dahl- 
strom, J pr 14, 355 

Guinochel, C 1 108, 300 

“Loven, B 22, 3053 Buchner, B 22, 292Q Claisen and Hon, B 24, 120 
Conrad, B 32, 1005 
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THE VER^VTRUM ALKALOIDS 

Of the numerous species of the genus Vcralrum^ two membeis, 
Vcmhiim Sabadilla and Vrralrum alburn^ arc noteworthy on 
account ol then alkaloidal content 

A. Alkaloids of the Cevadilla. 

Vcialiine, the active [)iinciple of the seeds of the ce\adilla 
{VoahiDu Sabadilla Rttz oi Sabadilla ofjicianalis Brandt, 
family of the Liliacete), was isolated by Meissnei ‘ m i8i8 This 
commeicial vciatnnc is a white, ainoiphous powdei, which melts 
at about 150° It is not, howevei, a homogeneous substance, but 
as has been shown by the in\estigations ol Schmidt and Koppen,^ 
Wiight and Lult,^ and Bosctti,‘ it is a mixtuie which contains at 
least thiee different \\elhdcTmed alkaloids 

Cl yb^lalluic vcralruic (cevadinc) ... CajH^^NOg 
]'c}a(nduic (amorphous veiaiiinc) . C37H5^NO,i 
Sabadillinc (cevadill nc) CgiHgaNOg 

To these may be added two othei alkaloids moie recently 
disco\a'‘ied by Mcick,’’ viz , sabadnic, C^oH^iNOg, and sabadunve^ 
These bases have as jet been only incompletely 

investigated 


• IMl issuer, Sclnucfggcn Journal jiu Chemic iind Physikj 25, 377 
■’Schmidl. and koppen, B 9, 1115 
Wright and Lull, Soc 33, 338 
Bosctti, A Phann 221, Sr 
® Merck, A Pharm 229, 1(^4 
° Allen, P harm ace u heal Toiunal, 1896, 146. 
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From TO kg of the seed of the cevadilla, Wiight and Liifi 
obtained 60-70 g of basic derivatives and Irom this 8-9 g ot 
pure ciystalline veratrine, 5-6 g veratndme, and 2-3 g of ceva- 
dilline 

The alkaloids are m the plant in combination with ccvadio 
and vcjahic acids, the tormer of which is very piobably identical 
with li^gliL acidJ 


I. Crystalline Veratrine. 

Veratnne, Cg^HjoNOo, has been studied chiefly by Merck,® 
Bosetti, Ahiens, Wright and Luff, of whom the last designate 
the base undci the name ot cevadnie It crystallizes from alcohol 
with one molecule of the solvent m needles, which attei being 
dried melt at 205°.“ It is insoluble in hot watei and alkalies, 
little soluble m ethei, readily soluble in alcohol It is optically 
inactive 

Veratnne possesses a shaip and burning taste, it is odorless, 
but on being brought in contact with the mucous membrane 
of the nose it piovokes violent sneezing It is a powerlul emetic 
and in largei doses one ot the most active tetanic poisons 

Cevadine is a tertiaiy base, it contains no methox}! and no 
mtiogen-methyl group, it forms addition-products with two and 
foui atoms of bromine; at the same time the biomine to a slight 
extent effects substitution Alcoholic potash decomposes ceva- 
dine into ccvnie and tighc acid (methylcrotonic acid) 

Cggtl.oNO.+H^O -- 

Vcralnne Cevjne Tiglic acid 

Cevine, C27H^3N08, crystallizes with thiee and one-half mol- 
ecules of water, on being healed it is convcited into a trans- 

^ PelletJer and Caventou, \ ch [3] 14, 69 
® Merck, A 95, 200 
® Freund and Schwarz, B 32, 800 
^“Buignet, T iS6t, 49 
” Ahrens, B 23, 2700 
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paiciit resin, it dissolves in dilute acids and in an excess of caustic 
alkali, with which it foims salts Covine is less poisonous than 
cevadine 

Bosetti, Ahrens, and Stiansky ha\e also noted the ready 
saponification ol vcialiine hv the action oi alkalies (caustic potash, 
ammonia, baiiuin hydioxide) and even by the action ot walei 
alone at 200^, but they found that the acid dccomposition-pioduct 
IS angelic acid and that in the process ot isolating this it is con- 
vcitccl into Its jsomor, tiglic aci?l Fieuncl and Schwaiz in the 
decomposition ot veiatime obseived a mixtuic of both these 
acids 

When veratiine is oxidized with chiomic acid, acetaldehyde 
IS foimed, while potassium permanganate gives use to acetic and 
oxalic acids 

B) diy distillation of cevadine, Ahiens states that he obtained 
tiglic acid and /?-picoline When the alkaloid is heated with 
lime, theie aie foimed, according to the same investigator, /?- 
picolme, / 9 -iJipecoline, and an unsatuiated hydiocaibon, CjHg, 
which he icgaids as isobutylene, (CH3)2=C=CH,, but which 
fiom the constitution of tiglic acid sliould be symmetiical butylene, 
CH3— CH=CH— CH3 

Angelic and Tiglic Acids. — These two acids, which aie found 
m a laig(‘ numbci of plants, arc stereoisomeis and possess the 
foimula CsHj^O) 

Angclio acui crystallizes in piisins melting at 45. 5*^, it boils 
at 185° On being ke[)t lor some time at its boiling temperature, 
it IS convcited into tiglic acid. Concentrated sulphuric acid at 
100° etlecls the same change 

Tighc acid forms tabular crystals which melt at 645®; it 
boils at 198 5° 

/Cfl 

The constitution ot both these acids, CH3 — 

IS dctcimined fiom the following leactions 

i'. Both acids add biominc to foim the same dihromvaleric 
acid, 


’^Stransk), M ii, 4S2 
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and with hydiogen biomidc yield the same bromvalcnc aoid,^^ 

2' Rediiclion converts both acids into the same valeiic acid 

3' Tiglic ester is foimed by the action of phosphoiiis tri- 
chloiide on mclhyl-ethyl-oxyacciic csto 

4' Tiglic acid lesulls furlhcr fiom lUe distillation of a-melliyl- 
^-o\ybnlync acid 

These lacts do not permit us to piesenl two different con- 
stitutional foimuke for these isomeric acids Botli acids aie to 

be icgarded as a-methylcrotonic acid, CH^ — CH=CC 

\C^OOjn[ 

Their steieoisuinensm is of the same soil as that in nialcit and 
funni) It at ids 

Fiom these as yet incomplete data the constitution of vera- 
trine may be toimulated as follows 

Pa^cnblticlur, A. 195, log 
SchmxJt and Berendeb, A igi, 94 
^^FrankUnd nnd Duppa, Soc [2] 3, 133 A 136, 9 
^“RohrlxtL, A 188, 23c; 
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2. Veratrtdine 

Ve^aU idnie^ CayHr^^NOn,’’ was isolated by Schmidt and 
Kopi>en m 1876 It is an amoiphous substance, somewhat 
soluble in watei and melting at 180° When boiled with 
alcoholic soda it is saponified, yielding venue and vcnilnc acid 

CgvH^NO u + HoO -> C ,hH,,NO« + CJd.oO, 

Vcratndnie Venne Vorritric acid 

Venue forms a yellow, amorphous dcnvative which melts at 
130° It lescmbles cevine, of which, accoiding to Wright and 
Lull, it IS a higher homologiie, possibly, howe\ei, the two bases 
are identical. 

Veratnc Acid, C,)HioOj — This acid icsults not only Irom 
the decomposition ot vciatiidine, but also tiom that of seveial 
other alkaloids (papaverine, bcrbeiine, pseudaconitine) 

The acid is tound m small (juantity in the seeds of the ceva- 
dilla, whcie it was discoveied by E Meick in 1S30 

It IS somewhat soluble in hot watei, but is piecipitated almost 
completely when the solution is cooled It ciystallizes in prisms 
containing a molecule of watei and melts at 181° The acid is 
quite soluble in alcohol and ethei 

Veratnc acid is the dimethyl ether of piotocatcchiiic acid 
{^^.^-dimethoxybeuzoic acid) 

Clip- COOH 


This constitution is established by the following three reac- 
tions 

t' Fusion with caustic potash or lieatmenl with hydi iodic 
acid at t6o° conveits veratnc acid into piotocatechuic acid 

” Wnght and Lufl, Sor 33, 353 
’’’Sfhmidl and Koppen, 13 9, 1115 
MciLk, -V 29, iSS 
Korner, B 9, 5S2 
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2'. Distillation with barium oxide gives rise to dimethyl- 
pyrocatechm (veratrol) 

3' Veratne acid is formed by treating piotocatechuic acid 
or Its monomethyl ethers (vanillic and isovamllic acids) with 
methyl iodide and caustic potash 

Vcratudine is accordingly veratrylvcnne' 



— CO— O-CgsH.^NO^ 


3. Sabadilline. 

This base was obtained from commercial veratrine by 
Couerbe"^ in 1834 

Accoidmg to CoLierbc, sabadillinc possesses the formula 
C21H27N2O7, It crystallizes from benzol in needles or in leaflets 
which are insoluble in ether, but are readily soluble in alcohol 
and hot water It is said that the base does not piovoke sneezing 
nor does it act as an emetic 

Wright and Lull descube, under the name of cevadillinc, 
an alkaloid wdiich they regard as identical with the sabadilline 
ot Couerbe, although they could not obtain it crystallized and 
assigned to it a quite dilferent formula, Cj^HgjNOg By the 
action of caustic potash they succeeded in decomposing it into 
iiglic acid and ccvillinc 

C3,H53N0«-1-H,0 - + 

CcvadilLne Cevillme TigUc acid 

B. Alkaloids of the White Hellebore. 

The loots of the European hellebore (Vrm/mm album L) 
and ot 1 elated species (Verafrinii viride Ait and Veralrum lohc- 
liannm Bernh ) contain, in addition to a small quantity of vera- 

2 ’ Merck, A io8, 6o 
Kollc, \ 159, 2J\ I 
Couerbe, A rh [ 2 ] 52 
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tHnc,"^ se\eral alkaloids, among which the tollowing five appear 
to be fairly well characterized 

JerMne C2J-TJ7NO,. 

Rubijervine C2,iH^3NO» 

Pseudojeivine C29H,jN07 

Protoveiatrine C^^Hr^iNOn 

Protoveratridine 

In the plant these bases arc in combination with an acid 
which Pelletiei and Caventou legaided as gallic acid, but which 
Weppen looked upon as a new acid Weppen gave to it the 
name jervic acid and the formula Ci,Hi,,0j2 + 2H_,0 Schmidt, ““ 
howevci, considers this acid to be identical with chelidomc acid 
(page 21) 


I. JERVINE. 

Jeivine was discovered by Simon m 1837. It crystallizes 
from alcohol in prisms, whose composition is represented by 
the foimula C20H37NO3 + 2HjO At 100® it loses its water of 
crystallization and then melts at 238-242° 

Jeivine is almost insoluble in water, little soluble in ether, 
but more soluble in alcohol It is a weak poison and is not 
decomposed by alcoholic potash 

2. Rubijervine. 

This base foims ciyslals which melt at 237° (Wright and 
Liill),'^' 240-246° (Salzbeigci) It is not poisonous 


Pelletier and Caventou, A ch [2] 14, 69 
"^Weppen, A Pharm 202, loi, 193 
Schmidt, A Phaim 224, 513 
'’"Simon, \ ch [2] 24, 214 
Salzbcrgpr, ^ Pharm 228, 462 B 23, Ref 699 
“M\hight and Luff, Soc 35, 405 



4i6 


THE VEGETABLE ALKALOIDS 


3. PSEUDOJERVINE. 

Crystals of this alkaloid melt at 300-307°, are little solu- 
ble jn alcohol, almost insoluble m ether. Pseudojervine is not 
poisonous and is not allected by alcoholic potash. 

4. Proto VERATR iNE 

Protoveratrmc crystallizes in small plates which melt at 245- 
250° and are difficultly soluble m almost all solvents, its best 
solvents are chloioform and hot alcohol. It piovokes sneezing 
and IS veiy poisonous 

5. Protoveratridine 

This alkaloid forms crystals which melt at 265°, it is only 
soluble in chloroform and alcohol, it is not poisonous 



CHAPTER XXXII. 


COLCHICINE 

In 1819 Pelletier and Ca\enLoii ^ obtained fiom the meadow- 
salfron {Colcliiciiin auliimnale L lamily of the Liliaccie) a 
substance ol basic properties which they regarded as veratiinc 
Geigci and Hesse, “ however, wlio undeitook the study of this borl}^ 
m i 8,:;3, iccognizcd in it a new alkaloid, to which they gave the 
name colchicine But latei investigations soon showed tliat 
the pioduct ot Geigei and Plesse was not a homogeneous sub- 
stanre, and it was not until 1864 that the alkaloid of the meadow- 
saflion was isolated by Hiiblci in a condition ot puiity Since 
then colchicine has been studied chiefly by Hcrtcl/ Bendci/’ 
and Zeisel '' 

The ficc alkaloid probably exists m all parts ot the plant, 
but piincipally in the bulbs (02%) and m the seeds (o 4^/^j). 

According to the invesiigations of Zeiscl, colchicine possesses 
the fornuila Hublci had previously asciibccl to iL 

the composition Ci^HioNOs, and Hcitcl and Bender Ciyll^^NO,, 

It louns an amoiphous, pale-yellow, resinous mass which 
melts at 145° It IS scarcely soluble in etliei, but dissolves readily 
in water and alcohol, in leaction it is neutral, its aqueous solution 
IS lanorotator) It is bitter in taste, in small doses it acts as a 
piiigative and an emetic In gcneial its action resembles that of 
veralrme, although it docs not piovoke sneezing on being biought 


' PlUlLili and Caventou, A ch [2] 14, 69 
^Geiger and Hesse, A 7, 27.1 
^ Hubler, A Phann [2] 121, iqj 

ndertcl, PUm matCHlnchc Zciii^cJinji jut Rit^sLand, 20, 299 
® Bender, PhanuaceutHiLhc Cciihalkallc, 26, 291 
'Zcisel, M 4, 162, 7, 557, 8, S70, 9, I, 86s 
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n contact with the mucous membrane of the nasal passages. 
Under the name of colcliisal, colchicine salicylate is employed 
somewhat in cases of gout ’ 

Mineral acids at the ordinary temperature convert colchicine 
into a ciystallinc substance. Obeilin,® who first noted this 
change, gave the name oolchiceine to the reaction-product. Zeisel 
observed later that in the reaction there is also formed methyl 
alcohol, so that the conversion ol colchicine into colchiceine is 
to be represented by the following ectuation 

CnH2,N0„ + CH 30 H 

Culchicine Colclucdine 

Zeisel succeeded further in synthesizing colchicine from col- 
chiceine by heating the lattei with methyl iodide in the picscncc 
ot sodium methylate, the same reaction is brought about mote 
simply by satuialing a solution of colchiceine in methyl alcohol 
with hydrogen chloride From this he concluded that colchiceine 
is a monobasic acid and that colchicine is its methyl ester 


Colchiceine C,oH.,NO/COOH) 

Colchicine C2oH,oNO,(COOCH3). 


This view found confiimation in the fact that colchicine, 
heated with alcoholic ammonia at 100°, yields an amide, 
C2 oH22NOj(CONH,), which is decomposed by alcoholic potash 
into ammonia and colchiceine 

Colchiceine forms piismatic needles which contain one-halt 
molecule of watei of ciystallization, it melts in the hydious 
condition at 140°, in the anhydrous at 172° It is very slightly 
soluble in water, icadily soluble in alcohol, but insoluble m cthei. 
It IS also soluble in the alkalies and alkali carbonates and with 
acids it forms a 3^ellow solution Its solutions are Irevoiotatoiv 
and of neutral reaction. Colchiceine does not appeal to be 
poisonous 


’Merck, Merck*^ Jahresbenchl 1897 
® Oberlin, A ch [3] 50, toS 
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Zeiscl has been able to make clear the following points regard- 
g its ronsLiLution 

Colchiceine contains three methoxyl and one acetyl group, 
cated with hydrochloric acid, it first loses the latter as acetic 
id and then the three methyl groups as methyl chloride We 
lus obtain in succession 

Tnnuihylcolchitjmo acid^ Ci5H„N(OCH3)3(COOH) (needles, 
clting-pomt 159°), 

Dimclhyhokhicmic acid, Ci5H„N(OCH3)2(OH) (COOH) 
)iisms, melting-point 141-142°), 

Colcliicnnc acid, CiJ-IiiN(OH)^(COOH) (biown flakes) 
The icady elimination of the acetyl gioup from colchiceine 
dicates that this group is not attached to a carbon atom The 
tachment can, furthermoie, not be to an oxygen atom, since 
1 these are already lunctionating m methoxyl or caiboxyl 
oups The acetyl gioup must, accoidmgly, be bound to the 
liogen atom, this also follows irom the fact that, when tri- 
ethylcolchicmic acid is healed with acetic anhydride to 100°, 
dchiceine is again loimed 
Colchiceine may then be formulated as follows 

C,,H,o(NCOCHO(OCH3).(COOH) 

Colchiceine 

To the nitrogen atom of colchiceine, fuiLhcimore, there is 
tached not only an acetyl group, but also a h^'dlogen atom 
here is accordingly piescnt the group — NH(COCH3) When 

flchiceinc is ticated with methyl iodide, the chief pioduct ot the 
action, as we have shown above, is colchicine, but by the action 
two molecules oi the alkyl halide there is formed at the same 
me a small quantity of a homologous body, mcthylcolcJiicinc, 
This clciivative, which like colchicine is amorphous, 
decomposed by hydrochloiic acid at 165° with the elimination 
acetic acid, methyl chloride, and methylamine The second 
ethyl gioup introduced into the molecule of colchiceine has, 
coidingly, taken the place of a hydrogen atom, which was 
tached to the nitrogen 
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From these observations we derive the following forinuhe 
Trimethylcolchicimc acid Ci5Ho('NH2)(OCH3)3(COOH) 


Colchiceine Ci,H.,(NHCOCH3)(OCIi3)3(COOH) 

Colchicine C,A(NHCOCH,)fOCH 3 ),(COOCH 3 ). 


It IS evident from these formulre that there can be no pyridine 
nor similar nucleus in the molecule of colchicine. 



CHAPTER XXXIIL 


THE X\NTHINE GROUP 

We include under this lille a senes of seven alkaloids which 
aic closely i elated to one another in constitution These seven 
aie 


Xanthine 

CsH^N.O, 

Calleme 


Theobromine 

C^H.N.O, 

Theo[)hylline 

C.HsNA 

H\po\anlhine 

QH.N.O 

Guanine 

QH^N^O 

Adenine 

CJ-T,N5 


These bases form the physiologically active pimciple of a 
numbci of vegetable pioducts which are to-day in quite geneial 
use as stimulants; such as tea, coflee, cocoa, Paiaguay tea, guarana, 
and cola-nutb 

Tea-leaves contain all these alkaloids except theobiomine 
and guanine, caffeine is present in largest quantity { 2 - 2 .^%) 

Cocoa-beans (cacao-seed) are characleiized by the large 
content of theobiomine (1-4%), they contain, furthermore, a 
small quantity of calleme. 

Caffeine alone is toiind in the seeds (o 5-2 2%) and in the 
lea\es (i 3%) of the coQee-tree, m Paraguay tea (i 2%), and 
111 guaiana (as high as 5%). 

Cola-nuts contain caheine (2 3%) and a bttle theobromine 
(002%) 

The last four alkaloids of the above series are found in the 
seeds, buds, and loots of a large numbci of plants. They also 
occur quite widely extended in the animal kingdom, having been 

42 r 
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observed in almost all the oigans of the higher animals Their 
occiuiencc is explained by the fact that they aie decomposition- 
prodiicls of niicletu, which forms a noimal constituent ot the 
cell in both the plant and animal kingdoms 

Thiough the biilliant investigations ot E Fischci/ all these 
xantlnne bases have now been prepared s}'nthelically and they 
are shown to be derivatives of a niliogenous iing system, 
CsHjN,, \\hich has received the name pitruic 

Purine, C^HjN, — Purine is the mother-substance not only 
of the aUcaloids mentioned above but also of uric acid, which 
IS iormed so univeisally m the desliuclive metabolism of animal 
mattei As we shall now show, this acid is a Liioxy purine and 
from iL purine itself may be prepaied 

When line acid is oxidized with mine acid m the cold, it is 
decomposed into ine^oxalylnrea (alloxan) and mxa - 

/NH-~CO\ 

QHiNA + O + H^O C(3 C0 + C0(NH,)2 

Unc -^cid \^NI“I — CO / Orta 

Alla 'Can 

This reaction points to the existence in the acid of the two gioup- 
ings 

N— C N 

C C and C 

I I I 

N— C N 

Uric acid has been synthesized in various ways,^ but no syn- 
thesis shows more clearly the natuie ol these gioups and their 
mode ot union in the molecule of the acid than docs the following 
of E. Fischer * 


’ E Fischer, B 32, 435 A review of the author’s work on the purine deriva- 
tives Naliirw Rnudscliaiij 18, 157, 169 (1903) 

'Liebig, Wohler, A 26, 256 

^ Behrend and Roosen, A 251, 235 

* Ach and Fischer, B 28, 2473 E Fischer, B 30, 559 
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Urea and malonic acid unite under the action of phosphorus 
oxychloride to foiin malonylurca 

/NH, HOOC\ /NH-CO\ 

CO + CH, CO CH, + 2H2O. 

\NH 3 HOOC/ \NH— CO/ 

Urt,a Maluriic at id Maloni lurea 

With nitrous acid this urcide gives an isonitroso-denvative 
(vio/mic acid) which on leduction yields amido-malonylurea 
(ummil) 

/NH— CO\ /NH— CO\ 

CO C=NOH — CO CH— NH, 

\NH— CO/ \NH— CO/ 

Vtoluric acid Llramil 

Potassium C3'anate convex ts urainil into pseudo uric acid, 
/NH— CO\ 

CO CH— NH,+HNCO 

\NH— CO / 

Uramil 

/NH— CO\ 

CO CH— NH— CO— NHj, 

\NH— CO/ 

Pieudo-unc acid 


and the lattei, on being warmed with dilute hydiochloric acid, loses 
a molecule of water and passes ovei into unc acid 


NH— CO 

1 I 

CO C— NH-. 

I II >co 

NH— C— NH/ 


or 


Uric acid 


CO 


PIN C— NHx 

I 11 >co 

OC C— NH/ 

\,/ 

H 


In addition to this “laclame’^ form of uric acid we may 
also employ the ^‘laclime’’ form 
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COH 

X \ 

N C—NHs. 

I II >COH 

HOC C N<^ 

Unc acid 


Uric acid deiivatives are also known which are deiived from 
the latter formula In oui discussion, however, we shall ordinal il> 
employ the ‘‘lactame” form 

For all the deiivatives ol uric acid the following iing system 
IS chaiactenstic 


/ 6 \ 7 

N I cj C— N- 


C 2 




, > 

4C— 

y 


cs 


In this complex the individual carbon and nitrogen atoms are 
usually indicated by numbers in the order given. 

The conveision of uric acid into purincj 


CH 

" \ 

N C— NH 




HC C- 


\CH 

N-/ 


Punne 


IS effected by the following reactions ^ 

When the potassium salt of uric acid is treated with phos- 
phorus oxychloiidc, there is obtained the derivative C5H2N4CIJ 
S~o\y-2j6-diclilorpnnnc, 


C— Cl 

\ 

N C— NHv 

I II >' 

Cl— C C— NH/ 




•^■Fischer, B 17, 1780 Fisrlur and Ach, B 30, 220S 
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This body, whose coiistiUition was fully established by Fischer, 
on being heated for four hours at 150^ with phosphorus o\y- 
chloiide, yields Irichlorpurim^ 


/ 


C~C1 


Cl— c 

V 


N C— NH> 

II 

C 


^C-CI 


Hydnodic acid and phosphonium iodide at o® reduce tri- 
chlorpurine to 2fi’dtiodopurmt\ 


C— I 

/ \ 


N 

I 

I— C 

\ 


C— NFI 

II 

C 


^CH 




and this latter on reduction with zinc-dust and water fonns 
piiniie^ 


/ 

N 


CH 


HC 


C— NH\ 

II } 

c — n/ 


CH or 




/ 


CH 


N 


HC 


-N 




%/ 


II ;cH 

C— NH/ 


Purine 


Derivatives of both these forms are known ’ 

Purine crystallizes from alcohol in small needles which melt 
at 216° (corrected). It is readily soluble in water, the solution 
is without action on litmus. 


I. Xanthine. 

Xanthine, C5H4N4O2, was discovered by Marcet in 1817 m a 
urinary calculus It has been found in the muscles, the liver, 


® Fischer, B 30, 2220 
’ Fischer, B 32, 44S 
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and the pancreas of several animals and it has also been noted 
in guano. It is a normal constituent of mine. 

Its occurrence in the vegetable kingdom was shown by 
Baginsky,® who extracted it from teadeaves; later von Lipp- 
mann ^ noted it in the juice of the beet. Accoiding to Salomon 
It IS also contained in shoots of the lupine and of bailey. 

Kossel " obtained xanthine by boiling nuclein with water 
It is most advantageously prepared by the action of nitrous acid 
on guanine 

Xanthine separates from its aqueous solution as a white 
powder, which is almost insoluble in cold water, very little soluble 
in hot water, and is insoluble in alcohol and ether. When 
heated it decomposes without melting with the evolution of 
carbon dioxide, ammonia, and hydiocyamc acid 

The alkaloid is a weak, monacid base. It possesses also 
acid properties and unites with bases to form salts which 
contain two equivalents of metal. These salts are dccornpc^sed 
by carbonic acid 

Electrolytic reduction converts xanthine into desoxy xanthine, 

QHeON,+H,0 

Xanthine is the lower homologue of theobromine and caffeine 
and by the introduction of methyl groups may be converted into 
these Thus theobromine is formed by heating the lead salt of 
xanthine with methyl iodide to ioo°: 

C^H^N^O^Pb + 2CH3I -- C5H2N,03(CH3)2 + PbT 

Lead bait of xanthine Theobromine 

In like manner cafleine results from heating a solution of xanthine 
in aqueous alkali with methyl iodide 

+ 3CH3I + 3KOH — C,HN^02(CH,)3 + 3 KH- 3 H ,0 

Xanthine CaffeFnc 

* Baginsky, Zeiischrijt jiir physiologische Ckcmie, 8, 395 

" Von Lippmann, B 29, 2645 

’“Saloraon, J i 88 r, 1012 

" Kossel, Ze'itschnjt Jur physiologische Chemtej 4, 290. 

’’ Fischer, A 215, 309 

” Tafel, B 33, 2216 
Fischer, B 31, 2563 
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Xanthine is 2fi-dioxypunne. 


o 

c. 


HN 


C— NH. 


H 

Xanthine 


Its Structure follows not only from its relation to theobromine 
and cafleine, whose constitution is fully developed later (pages 
429, 436), but also from the following considerations 

i' When xanthine is treated with potassium chlorate and 
hydrochloric acid it is oxidized to alloxan and urea 



Xanthine Alloxan 


2' When tnchlorpurine is heated for three hours at 100° 
with a concentrated alcoholic solution of sodium ethylate, it is 
converted into 2 fi-dielhoxy-Z-chlor purine (fine needles, melting' 
point 20^°). 

OC2H3 


CaH.O' 


/ \ 

N C— NH. 

I II >cci 

-C C 


The combined reducing and saponifying action of hydriodic 
acid at the ordinary temperature changes this to xanthine.^® 


Fischer, B 15, 453 > A 215, 311 
Fischer, B 30, 2232 
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3' If tnchlorpunnc is reduced to diiodopuririe (page 425) 
" ' kiid the latter is then heated in a sealed tube for an hour at 100° 
with a tenfold quantity of concentrated hydrochloric acid, xan- 
thine IS formed 


2. CAFFEINE. 

Caffeine, or llienic, was discovered in 1820 by Runge in 
cottce, the seed of Cofjea arabica L (family of the Rubiacere), 
it IS there found in combination with citric and tannic acids 
Calieine has also been observed in the leaves of the same plant 
It occurs, fuithermoie, in several other plants, thus it was 
obtained— 

in 1827 by Oudry from tea, the leaves of Camellia the- 
ijera, 01 Thca chincnsis (family of the Ternstroemiaccae), 
in 1840 by Martins from guarana, a foodstuff which m 
Brazil is prepared fiom the seed of Paullinia soi bills 
Mart (family of the Sapindaccce), 
m 1843 by Stenhoiise from Paiagua} tea, the leaves of 
Ile\. paragiiancnsis St Hilaiie (family of the Ilicincae), 
in 1865 by Attfield from the cola-nut, the seed of Cola acumi- 
nata R Br (family of the Stercuhacece), and lastly 
m 1883 by E Schmidt fiom the seed of Theobroma 

Cacao L (family of the Sterculiaceas) 

The empirical formula of caffeine is CgH^oN^Os It crystal- 
lizes fiom water in lustious needles which contain one molecule 
of water, in the anhydious condition it melts at 234-235°, it 
sublimes and distils without decomposition Calfeinc is little 
soluble in cold water, alcohol, and ether, it dissolves readily, 
however, in the warm solvent, as also in chloiofoim and benzol 

Fibcher, B 31, 2562 

” Rungo, Sik'iijeiggeAs Journal jur Chemic iind Pliysik, 31, 308 
Stenhouse, \ 89, 244 

^®Oudr3, Magazin jur Pliatmacie, 19, 49 
Martins, A 36, 93 

^“Stenhouse, A 45, 366, 46, 227 
Attfield, Pliannaceuhcal Journal^ [2] 6, 457 
Schmidt, A 217, 306 
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It 15 a weak base of neutral reaction, its salts are decomposed 
by watci It beha\es oidinaiily as a monacid base, but under 
ceilain conditions it yields also a dihydiochloude It possesses 
a weakly biltcr taste and is but slightly poisonous Both calleine 
and Its dciivativcs aie employed as a diinelic 

Constitution of Caffeine, — Caflcine contains three niliogc'n- 
methyl groups, this follows not only fioin its formation, b) the 
melhylation ol theobromine and theophylline, in which, as wc shall 
see tarther on, two methyl gioups aic alicadv picscnt, but also 
from a direct deteimination of Us methyl groups The foimula 
foi cafteine may accordingly be lesolved into C5HNO_,(NCH3)3. 

The unsaturated nalurc of the alkaloid is shown m its ability 
to add biominc, it foims thus an amoiphous, unstable dibiumidc. 

The relation of cafteine to unc acid is indicated fiist of all 
by the natuie of its oxidation-products Just as iiiic acid on 
treatment with potassium chloiate and hydrochloric acid is 
decomposed into allox^an and urea, 


O 

HN C— NH. 

I 11 >CO II^O -H O 

OC C— NH/ 

\n/ 

H 

Uric acid 


O 


/"\ 
HN CO 

OC CO 



Alloxan 


- 1 - 


NH, 

NH, 

U rea 



SO caffeine under the same tieatment is converted into dimethyl- 
alloxan and monomethylurea,'^^ 


CaH,oN,02+H,0-hO 

Caflcinc 


0 

CH3 


1 

CH3— N CO 

NHv 

1 1 

+ >C 0 

OC CO 

Nil/ 

XnX 

Monomot hylurea 

1 

CH, 


Dimetli ylalloxan 



Herzig and Meyer, M 15, 613 

“Rochlecler, A 50, 231, 63, 201, 69, 120, 71, i Maly and Andreascli, 
M 3, 92 
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It is not our purpose to speak here of the various relations 
of caffeine to uric acid and purine, which have been developed 
since 1883 in the fruitful investigations of E. Fischer. We shall 
consequently limit ourselves to the presentation of those points 
which are necessary to establish the constitution of caffeine 
Among the decomposition-products of caffeine, Fischer ob- 
tained metliylhydanloifi, 


CH2 — N< 

I 

CO— NH' 


'CH3 

CO 


If this result is compared with that which oxidation gave, 
we sec that the molecule ot cafteine, just as that of uiic acid, is 
formed by the union of two nitiogenous rings, of which one, 
a liexaLomic ring, is found in dimcthylalloxan, the other, a pent- 
atomic, m melhylhydantoin. Two methyl gioups are, accord- 
ingly, contained m the former ring, one 111 the lattei 

The atomic grouping in cafteine may then be expressed by 
one of the two following schemes. 


c 

/ \ /CH, 
CH,— N C— N< 

I 1 >c 

C C— N/ 

I 

CH, 


or 


CH3~N c-n. 

I I >C 

C C-~N< 

\ / \CH3 

I 

CH, 


Now which of these two represents caffeine^ This question 
finds answer in the formation of anothci decomposition-product 
which Fischer obtained, viz , dimelhyloxamidej 


CH3-NH— CO— CO— NH— CH3. 

If we consider both the above schemes, we see that only the 
first possesses an atomic grouping, in which the chain of dimethyl 
oxamide is contained. 
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It now remains to determine in this atomic complex the 
)Osition of the double bond, of the two oxygen atoms, and ot 
he hydrogen atom. This is solved by Fischer from a study 
if oxyca-fjenie {hydroxycafjeine). 

Caffeine not only adds bromine to form an unstable addition- 
iroduct, but it also reacts with the halogens to form substitution- 
noducts, in which the substituted halogen atom may be readily 
xchanged foi other radicals 

Chlorcafjcine, CgHgClNjOa (needles, melting-point 183°), is thus 
on verted into inclhoxycafjeine, CyH,)N,02(0CH3), on treatment 
^ith a solution of caustic soda in methyl alcohol If now inethoxy- 
affeine is boiled with dilute hydrochloric acid, methyl chloride 
5 eliminated and oxycafjeuie, (C8Hi()N,,03), is formed 

Oxycaffcmc has been proved by Fischer to be inmclkylunc 

cidy 


CH3— N 
OC 


\ /CH3 

C — N/ 

II >co 

C— NH/ 


or 



o 

CH.— N C— N, 


OC 


C— 


CH3 

COH 


I 


By heating its solution in caustic soda with methyl iodide 
t 100° we obtain tetramethyluric acid, a substanc© which is 
Iso formed by the direct methylation of uric acid 

If, however, the silver salt of oxycalieine is heated with methvl 
:)dide, there results a mixture of tetramethyluric acid and melhoxy- 
afjcine: 



o 

/^C\ 

CH3— N C— n/ 

I II > 

OC C— 


CH, 

C— OCH3 



I 

CH3 

Tetramethyluric acid 


I 

CH3 

McthoxycafFelne 


“’Fischer, B 17, 1776, Chemiker-Zeitiingj 21, 381 
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The simultaneous formation of these two bodies shows that 
oxycatfcine may react m two lautometic forms, cliaiactenzcd by 
the groupings — NH— CO — and — N=C(OH) — Now these 
groups can evist only m the hjdantoin nucleus, in this nucleus, 
accordingly, must occur the methovyl of mctho\3'cafiejne 

Since methoxycaffeine is derived from chloicalleine, and this 
in turn from caffeine by the simple reactions given above, the 
constitutions of the last two must be expressed as follows 


CH, 


O 

^C\ 

CH,— N r— 

1 II >CCI 

OC C— N'/ 


o 

/^\ CH, 

CH N C— N< 

I II >CH 

OC C— 




1 

CH3 

1 

CH, 

ChlorcaEeme 

Caffeine 


This constitution of caffeine is fully sustained by the various 
syntheses of the alkaloid 

Synthesis of Caffeine. — 1 ' Strecker obtained the alkaloid 
in 1861 by heating the silver salt of theobromine with methyl 
iodide 


C,H7N,0,Ag + CH3l-. CsH.oN^Oj + Agl. 

SL]\er salt uf theubromine Caffeine 

It IS also formed by heating fiee theobromine with an alcoholic 
solution of methyl iodide 

2' Kossel prepared caffeine in 1888 by methylating theo- 
phylline (page 437) 

3' In 1898 Fischer®^ obtained caffeine by the methylation 
of xanthine 


QHAO3 + 3CH3 I- CsH,oN,03+3HL 


Strecker, A 118, 151 

Schmidt and Pressler, \ 217, 294 

Kossel, Zeitschnjl j>n pliysiologisclie Cliemie, 13, 305 

Fischer, B 31, 2563 
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The above three syntheses depend on the introduction of 
alkyls into lower homologues of the alkaloid, those which follow, 
however, are complete syntheses 

4' In 1895 Fischei and Ach cSected through i.ydimcihyl- 
mic acid the first complete synthesis of chlortheophylhne (page 
4^:;8) By the introduction of a methyl group the latter was 
converted into chlorcaffeine and this m turn on reduction yielded 
cdficine. 

5' In 1897 Fischer obtained the alkaloid from dimethyl- 
alloxan by means of the following reactions 

Dimethylallovan and neutral methyl ammonium sulphite 
form an addition-product which concentrated hydrochloric 
acid converts into irimethyliiramil: 


0 

0 

c. 

c. 

/ \ 

/ \ 

CIIj— N CO 

CH3— N CI-I— NH- 

1 1 

— ► 1 1 

OC CO 

OC CO 



1 

CH3 

1 

CHt 

Dimethylallovan 

Tnmetliyluramil 


When trimethyluramil is heated with an aqueous solution 
of potassium cyanate it yields Irimeihyl-pseudo-uric acid^ 



which on being boiled with dilute hydrochloric acid condenses 


Fjscher and Ach, B 28, 3135. 
“ Fischer, 13 30, 
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to i, 7 ^,T-irimethyluric acid, or hydroxycafjeine {Irhiethyllnoxy- 
punne) 


0 
c 

/ \ /CH, 

CH 3 — N CH N<; 

OC CO ° 

\/ 

1 

CH3 

Tnmethvl-pi»eudo unc acid 


0 

/^\ /CH, 

CH,-N C N< 

I I!_nh>^ + 

1 

CH, 

Hydro'cvcaflfei ne 


Hydroxycafieme crystallizes in needles which melt near 
345° It IS very little soluble m cold water, alcohol, and ether 
It possesses both basic and acid properties. 

Phosphorus pentachlonde converts hydroxy caff cine into 
chlorcatfeine {i,^,^-lrimelhyl-%<hlordwxypiinnc), winch, on re- 
duction with zinc and hydrochloric acid, yields caffeine itself 


o 

//C\ 

CH 3 — N C- 


■< 


CH3 


OC C— 


:CC1 + 2 H 


CH3 

ChlorcaffeTne 


CH,— N C— 

1 11 Vh + HCl 

OC C— 

I 

CH, 

CafTcTne 


6'. The same year Fischer’^ succeeded in synthesizing caf- 
feine directly from unc acid through the intermediate formation 
of tetramethylunc acid When the latter is heated with phos- 
phorus ox}xhlonde it is converted into chlorcaffeine. 

7 In 1898 Fischer synthesized cafEeine from 3“^cthylunc 
acid. By the action of phosphorus oxychloride this is changed 
into 3-methylchlorxanthine 


“ Fischer, B 30, 3010 
“Fischer, B 31, 1980 
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O 



HN C— NH 

1 II 

OC C— NH 



I 

CH, 


3-Methyluric acid 



o 


HN 

I 


c -Na 


OC 


c- 

I 


\cci 


CH, 

3-Mc thylchlorxan thme 


On methylating this last derivative, Fischer obtained chlor- 
thcob} online^ which he reduced with hydnodic acid to theobromine 
The conversion of theobromine into caffeine has already been 
discussed above 

8'. In 1900 Traube'^® presented a synthesis of the alkaloid 
fiom symmetrical dimethyliirea, CH 3 NH — CO — NHCH 3 , and 
cyanacctic acid By condensation of these two substances he 
obtained dimethyl- i^-amido- 2 fi-dioxypy) imidine: 


CH 3 — N— CO 

I I 

OC CH 

1 II 

CH 3 — N— C— NHj 

Reduction of the isonitroso-dcnvative of this body gave rise 
to x,2)-dimelhyl-4,$-diamido-2,6-dioxy pyrimidine, 


CH 3 — N— CO 

OC C— NHj 

I II 

CH 3 — N— C— NH 


which boiled with formic acid yields a formyl derivative, 
C7 H,o03Ni. When this last is heated for several hours with 
methyl iodide m an alcoholic solution of sodium ethylate, caffeine 
IS formed 


®«Traube, B 33. 3035 
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3. Theobromine. 

Theobromine was isolated from cacao-beans by Woskresensky’’^ 
in 1842, it occurs here m combination with malic acid Accotd- 
ing to Heckel and Schlagdenhaufen it is also found in small 
quantity in the cola-nut 

Its formula is CyHgN^Oa It crystallizes in anhydrous, 
micioscopic needles, which at the ordinary temperatuie aic vciy 
little' soluble in water and alcohol In ethei they arc almost 
entirely insoluble. It sublimes without melting at 290-295° 
Heated in a closed tube, however, it melts at 329-330° 

Its physiological properties closely icsemble those of caheine 

It is a weak, monacid base, neutral in action Its salts are 
decomposed by water, it does not combine with alkyl iodides 
Unlike caffeine, this alkaloid possesses acid properties 

Theobromine contains two methyl groups attached to nitro- 
gen When Its potassium or silvei salt is healed with methyl 
iodide, caffeine is formed, “ with ethyl iodide liomoca/Jei7ie, 
lesults ■*“ This last crystallizes in needles which 
melt at 164-165° 

From this it appears that theobiomme is a caffeine m which 
one methyl group is replaced by a hydrogen atom. 

Which now of the three methyl groups of catteine is eliminated 
m theobromine^ 

The solution of this question is found in the decomposition 
of theobromine, which Fischer effected with potassium chlorate 
and hydrochloric acid, the alkaloid is thus decomposed into 
mojiomethylaUoxan and inonomethylurca 

We saw that under the same conditions caffeine yields dimcthyl- 
alloxan and monomethylurea. Fiom this we conclude tli it 


Woskresensky, A 41, 125 
Heckel and Schlagdenhaufen, B1 [2] 38 2^0 
Michael, B 28, 162Q * 

^"Herzig and Meyer, M 15, 613 
Strecker, A tt8, 15 i 

Van der Slootcn, A pothekeK-Zeitioigj 12, 3 
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iheobiomme has only one methyl group in the alloxan nucleus. 
The alkaloid consequently is lepresented by one of the two follow- 
ing formulse 


o 

/^\ /CH, 
CHg—N C— N< 

1 II >CH 

OC C—N'^ 




o 


or 


HN 

1 

OC 


\ yCR, 

C— N< 

II Vh 


/ 


Theobromine 


I 

CH, 


Fischer has shown that the second formula is without much 
doubt the coiiecL one Thcobiomine is consequently -dimethyl- 
2fi-dioxypunne {^oT-dimelhylxantliine)' 


O 



CIT, 

A synthesis of theobromine from 3-meLhyluric acid we ha^'c 
already mentioned (page 434) Since 3-methyluiic acid is ob- 
tained by directly methylating uric acid, this mode of piepaiation 
IS quite simple 

Theobiomine may be obtained from 3,7“fl!!/;;7£r///y/i/,r/c acid 
by heating the lattei with phosphorus oxychloiidc, whereby 
chlortheobiominc is fiist formed 

It may also be prepared by the action of methyl iodide on the 
lead salt of xanthine. 


4 . theophylline. 

This alkaloid, an isomei of theobromine, was isolated from 
tea-leaves by Kossel in 1888. It crystallizes in plates which 

^ Fisrher, B 15^ 33, 453, 32, 435, 469 Maly and Andreasch, M 1882, 
107 Fjscher and Ach, B 31, 1980 

Kohsel, B 21, 2164, Zeilscfinjl jur physwlogiscUe Chcmic, 13, 29S 
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melt at 264° It is little soluble m alcohol, but readily soluble 
m boiling water Like theobromine, it is a weak, monacid base. 

When the silver salt of theophylline is heated with methyl 
iodide, caffeine is obtained. Theophylline is, accoidingly, like 
theobromine, a caffeine, in which a methyl group has been re- 
placed by a hydrogen atom. 

Treated with potassium chlorate and hydrochloric acid, 
theophylline yields the same dimetliylalloxan as cafleine The 
two methyl groups of the alloxan nucleus aie consequently also 
picsent in theophylline, while the hydantoin nucleus contains no 
such group. Theophylline is thus i^ydimcihyU2fi-dioxy purine, 


O 


CHa— N 


C— NHv 


I II ^CH 

OC C 

I 

CH, 

Theophylline 


In 1895 Fischer and Ach elfected the complete synthesis 
of theophylline, which as we have already indicated (page 
also includes that of caffeine This was biought about thiough 
the following series of reactions 

i'. By successive treatment with phosphorus pcntachloride 
and dimethyluiea, malonic acid is converted into dimelhylhar- 
bituric acid 


CH,— NH 


OC 


^NH 

1 

CH, 

Dimethylurea 


+ 


CICO 

^CH, , 

I ‘ 

CICO 

Malonyl chloride 


o 

c. 


CH3— N 


OC 


CH2 + allCl 
CO 


I 

CH, 

Dimethylbarbitunc acid 


Fischer and Ach, B 28, 3135 
Mulder, B 12, 466 
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2'. If now lo the aqueous solution of dimethylbarbitunc acid 
sodium nitrite is added, we obtain dimelhylvioluric acid {dimethyl- 
tsoniirosobarhilunc acid ) . 


o 

c. 


CH3-N 


/ \ 


o 

c 


CH, 

io' 




+ HONO -> 


OC 


C==N— OH 

I 

CO 


4- H.O 



I 

CH3 


DmiethylbarbituiiL acid 



I 

CH, 


Diinethv Ivioluric acid 


3'. Reduction of dimethylvioluric acid with hydiiodic acid 
gives rise to dtmelhyltiramil 

O O 

C C 

/ \ / \ 

CH 3 — N C=NOI-I CH„— N CH— NHj 

I I + 4 H _> I I + H,0 

OC CO OC CO 


\. 


1 

CH, 

Dimethyl violunc acid 


/ 


"N 

I 

CH3 

Diniethyluramil 


4'. When dimethyluramil is heated at 100° with a concen- 
trated solution of potassium cyanate, dimethyl- pseudo-unc acid 
IS formed 


O 

/\ 

CHs— N CH— NHjj 

I I +HNCO 

OC CO 

V 

CH, 

Dimethyluramil 


O 

— N CH— NH— CO— NH, 

I I +H3O 

OC CO 


N,/ 

I 

CH, 

Dimethyl-pseudo-unc acid 


s', Dimethyl-pseudo-unc acid loses a molecule of water when 
it IS heated with oxalic acid or, better still, with hydrochloric acid. 
The product resulting is i,ydimethyliinc acid: 
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O 

CH,— N CH— NH' 


OC CO HjN 

I 

CH 3 

Dimethyl pseudo uric acid 


^CO 


0 

/\ 

CH 3 —N C— NHv 

I II >CO + H,0 

OC C— 

\«/ 

1 

CH, 

Dimethylunc acid 


6' Phosphorus pentachloride and oxychloride convert the 
latter acid into chlorlheophylhm^ 


O 

CH C— NH 

I II 

OC C— NH 


)>CO + PCI, 


CH, 

r,3-Dimethvlunc acid 


o 



CHa-N c— NHy 

I 11 ^)cci + POCI 3 + HCl 
OC c — 



1 

CH, 


Chlorthtophyllme 


7' Reduction of chlortheophylline with hydriodic acid at loo® 
lastly gives rise to tlieophylhne itself. 

In iqoo Traube synthesized theophylline from symmetrical 
dimcihylurea and cyanacetic acid The reactions are essentially 
the same as those employed by him in the synthesis of caffeine 
435) When the formyl derivative of i,2,-dimelhyl-^,^- 
diamido-2fi-dioxypyrmidine, which he obtained, is heated to 
Its melting-point (252°), water is eliminated and condensation to 
theophylline ensues 


"Traube, B 33, 3053 
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CH,— N 
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CI-T3 

Formvl donvative of 
r,3 dimethvl-4,S diamirJo-2,6- 
dio’cvpvnmidine 
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CH,— N C— NH 

oi I!-n- 
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1 

CH, 

Theopli yllinc 


CH + H,0 


A slight modification of this synthesis was recently made the 
subject of a patent by F. Bayer & Co 


5 . Hypoxanthine. 

Hypoxanlhine, or saicine, CrHjNjO, occurs in both the veg- 
etable and animal kingdoms It was discoveied m milk by 
Scherei in 1850, since then it has been tound in many of the 
animal liquids and organs (glands, muscles, marrow, blood, urine), 
and in the seeds of the lupine, barley, mustard, black pepper, 
the gourd, altalfa, vetch, clover, and in wheat-bran, potatoes, 
sugar-beets, and tea. 

Hypoxanthine is formed m the plant as m the animal organism 
by the decomposition of nuclein Salomon and Kossel show 
that nuclein on putrefaction yields hypoxanthine, as il also does 
under the action of yeast from beer-lermentation 

The alkaloid ciystallizes m microscopic needles which de- 
compose without melting at 150°, it is little soluble in cold 
water It exhibits both acid and basic properties and combines 
with one equivalent of an acid or two equivalents of a base 
Hypoxanthine closely resembles xanthine. On oxidation 
with potassium chlorate and hydiochloric acid, it giv'es the same 
derivatives as does the latter alkaloid, viz , alloxan and urea 
From this reaction we note the close relationship of the two bases 

F Bayer & Co , Patent No 138444 (1003) 

*®Scheier, A 73, 328 

Salomon, ZeiiscJinJ/ jiir phy^iologische Chenne, 2, igo Kossel, ibid , 5, 152, 
167 
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to each other Since hypo'^anthine difters from xanthine only 
in possessing one less oxygen atom, we must assign to the former 
alkaloid one ot the two following formulae. 


o 
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HN 

I II 

HC C — 


H 
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C— NPL 
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oc 





\CH 




H 


Hypoyanthme 


The further investigations of hypo\anlhine by Fischer®' led 
to his acceptance of the 6rst of these forinuloe — a conclusion 
which is supported by the following two syntheses: 
i' When trichlorpurine (page 425), 




_C-C1 


N C— NH. 

1 II 

Cl— c o 





IS heated for some time with an alkali, the chlorine atom in posi- 
tion 6 is eliminated and there is obtained 6-oxv-2y&-dichlor purine 
(dichlorhypoxanthme), 


o 

/\ 

HN C— NH- 


Cl— C C- 


-N 


>c-a 


Reduction with hydriodic acid converts this derivative into hypo- 
xanthine 

2' Under the action of nitrous acid, adenine^ whose constitu- 
tion IS regarded as 


Fischer, B 30, 2228 
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P— NHn 

X \ ‘ 
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C — NH 
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CH 




is changed to hypoxanlhine. 

Hypoxanthine is, accordingly, 6-oxypurme' 


O 

C 




Y— NH 


HN 

I 

I-IC C 

H> p(j\anLliine 


\CH 

•N''/ 


6. Guanine. 

Guanine was discovered m guano by Unger in 1844. Since 
then jt has been found in the tissues and exciements of different 
animals It appears also to be somewhat widely diltused Lluough- 
out the vegetable kingdom, Schulze found it in the seeds of 
scveial leguminous pilants (the vetch, alfalfa, clovei) and m those 
of the gourd, Ulhk®‘ obtained it fiom germinated bailey, \on 
Lippmann^*"' from the sugar-beet, and Shorey from cane-sugar 
Guanine, QHr^NO, crystallizes fiom ammonia in needles or 
small plates which aie insoluble in watei, alcohol, and ether. 
It is neutral in reaction and dissolves in both acids and alkalies 
to foim salts in which it tunctionates on the one hand as a diacid 
base, and on the other as a dibasic acid 
Guanine is 2-aimdo-6-oxypunnc 


^HJngrr, A 51, 3Q5, 58, t8, 59, 58 

Srhulze, ZcihclDiji ju) phvswlogiSLhe Chemie, ^^20, 10, 80, 326, | pr 
[2] 32, A 33 

milk, CJiem/scJics Ccjthalblaltj 18S7, S29 
Lippmann, B 29, 2645 
“Shore}, Jour Aw C hem Soc 27, 6og 
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O 


HN C— NH\ 

I II 

2— C C 

X/ 


Guanme 


Its constitution is shown by the following considerations 
Guanine is closely related to xanthine (2,6 dioxypurme), since 
nitrous acid converts it into the latter (page 425)/'^ 

When guanine is heated with bromine to 150°, there is ob- 
tained a substitution-product of the formula QHiBrNsO/'® If 
this bromguamne is treated with concentrated hydrochloric acid 
at 130°, It passes over into o'cygumiinc, C5H5N5O2 (a crystalline 
powder) This oxyguanine was also prepared by Fischer by 
the action of hydrochloric acid at 130° on the nnido-pseudo-tinc 
acid of Traube,‘*‘^ the constitution of which is definitely estab- 
lished by Its synthesis from guanidine and malonic ester (anal- 
ogous to the synthesis of uric acid) 


o 



H 

Imido-pseudo-unc acid 



H 

Ovyguanine 


Strecker, A io8, 141, n8, 15 1 Fischer, A. 215, 309, 
Fischer and Reese, A 221, 342 
“Fisrher, B 30, 559 
Traube, B 26, 2551 



THE XANTHINE GROUP 


445 


From these formulae for oxyguanine we derive the following 
tautomenc forms for guanine: 


HN 
NHj— C 
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C— NH 

II 
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\cH or 


\. 
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HN C— NH- 


NH=(J 


C- 
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CH 


Guanine 


In his later investigations Fischer"' succeeded m synthesiz- 
ing guanine from 6-oxy-2jS-dicIiloyptinne {dichlorbypoxanlhine, 
page 442) Alcoholic ammonia converts this into chlorguanine 
and the latter on reduction with hydriodic acid yields guanine 
Traube has synthesized guanine from cyanacetic acid and 
guanidine through the intermediate formation of 2,.\-diavndo- 
6~oxy pyrimidine. 

On electrolytic 1 eduction guanine yields an unstable base, 
dciiOxyguamne {2-amido-i fi-dihydio panne) 


CHn 


HN 


C— NHs 


, „ Vh 

NHj— C C 

Deboxyguaninc 


7. Adenine. 

Adenine, CsH^Ng, was isolated in 1885 by Kossel from tbe 
pancreas of the ox. It is found also in tea, in the juice of the 
sugar-beet, and is formed in the decomposition of nuclein by 
dilute sulphuric acid It crystallizes from water or ammonia 

Fisclier, B 30, 2251 
62 Traube, B 33, 1371 
63Tafel and Ach, B 34, 1170 

6^ Kossel, Zeitschrijt jttr physwlogtsche Chemie, 10, 250, 12, 241, B 18, 79, 
19, 2S, 20, 3356 
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m long needles which contain three molecules of water. When 
rapidly heated the anhydrous alkaloid melts with decomposition 
at 360-365° It dissolves readily in hot watei, is little soluble 
in cold water and alcohol, insoluble in ethei and chloroform It 
IS nciitial in reaction, and forms salts with one equivalent ot an 
acid 01 a base 

With bromine adenine yields a monobiom-denvalive which 
OMdalion with potassium clilorate and hydrochloiic acid conveits 
into alloxan, urea, and oxalic acid 

Nitrous acid changes adenine to hypoxanthinc There ac- 
cordingly subsists between these two dcrivatnes the same icla- 
tion as between guanine and xanthine. Adenine is consequently 
(i-amidopunnc. 


NH, 

I 

N C -NH- 


HC 


Vh 


\. 


N" 


Adenine 


Adenine is most simply synthesized by the i eduction of 6- 
aviido-2^^’dichlo} purine with hydiiodic acid This dichloi-deriv- 
ative is obtained by the action of ammonia on trichlorpunne 
To these bases of the xanthine series must be added two 
other alkaloids which have as yet been little studied 

Carnine, C7H8N,03 — This substance was discoveied in 1871 
by Woider^*^ m extiact of beef It is also toimd in yeast from 
beer fei mentation, and in sugar-beets It crystallizes fiom hot 
water with one molecule of the solvent, on being heated it de- 
composes at 239°, It is neutral in reaction and possesses both 
basic and acid properties Heated with hydrochloric, hydro- 
bromic, or nitric acid, it is converted into hypoxanthne. 

Fibcher, B 30, r23<S 
Weidel, A 158, ^53 
Schutzenberger, Bl [2] 21, 204 
von Lippmann, B 29, 264c; 
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Vernine, CieHocNaOs — This is found in the young shoots ot 
le vetch, of clo\ei, and of the gourd, in the pollen of the hazel 
id of the pine,°° further, in germinated barley^'’ and in the 
igar-bect 

It forms microscopic prisms containing three molecules of 
ater of crystallization It is soluble m alkalies and dilute acids, 
icacts as a dibasic acid Boiling hydrochloric acid decom- 
)scs vernine into guanine 

Schiil/e, Zeiti>chnjl j nr physiohgnchc Chemte, 9,420, 10, 80, 226, J pr 
I 32, 4 33 

UlliL, Chemischcs Cuitralblaltj 1S87, 829 
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Allantotn was discovered in 1800 by V^auquclin and Buniva ^ 
in the amniotic fluid of the cou, and wdb later also obtained liom 
the urine of different animals Allantoin likewise occiiis in the 
\egetable kingdom. Schulze and Baibieii ^ isolated it from the 
buds of the plane-tree {Plalanus oiienlalis L , family of the 
Platanacea?) (o 5-1%) It is also found in the buds of the maple, 
in the bark of the horse-chestnut tree,® in wheat, •* and in the 
molasses of the sugai-beet® 

Its formula is It crystallizes in prisms which 

are little soluble in cold watei, but somewhat soluble in hot, 
in alcohol they are almost insoluble It is ncutial in leaction 
and exhibits the properties of a monacid base and of a mono- 
basic acid 

The constitution of allantoin to a ceitain extent appioaches 
the structural complex of the xanthine bases It is expressed 
by one of the two following foimulce 

/NH-CH-NH-CO^NH^ /NH-^C=N— CO— NH^ 

CO I or CO I 

\NH-CO \NH-CHOH 

This constitution follows both from the decomposition and 
from the synthesis of the alkaloid Treated with water at iio- 

^Vauquehn and Buniva, Aimaks da chimic, 33, 269 
^Schulze and Barbjeri, B 14, 1602, 1S34 

3 Schulzv and Bosshard, Zeilschnjt Jur pliysiologtsche Chemie, 9, 425 
^Richardson and Crampton, B 19, 1130 
® von Lippmann, B 29, 2645 
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140°, With alkalies, with lead peroxide, or with nitric acid, allan- 
tom yields urea and allanlimc acid {glyoxyl urea) 

Hydriodic acid reduces it to uiea and hydanlom {glycolyl 
urea ) ; 

/NH— CH. 

CO i 
\NH— CO 

IlyJantoin 

The synthesis of allantoin was effected by Grimaux® in 1877 
by heating urea with glyoxylic acid to 100®: 

2CH,N20 + C^H.O, — C.HoN.Og +3H2O. 

MichaeF also obtained it from the action of inesoxalic acid 
on urea: 


2CE,N,0 + C,B,0, QHoN, 03 + 3 H 20 + CO 2 . 

Allantoin is foimed m the oxidation of uric acid with lead 
peroxide or manganese dioxide ® 

“Gnmaux, A ch [5] ii, 389 

’Michael, Am Chem Jour 5, rgS 

® Claus, B 7, 226 Fischer and Ach, B. 32, 2721. 
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THE ASPARAGINE GROUP 

In the vegetable kingdom there is found a group of weakly 
basic substances which may be designated from its representative 
member, asparagine, as the asparagine group 
This group comprises the following 

1 Aspartic acid . .. CiH7N0^ 

2 Asparagine (de\tro- and ld 2 VO-) C^HgNgOj 

3 Glutammic acid C^HqNO^ 

4 Glutamine CgHioNoOa 

5 Alanine C3H7N02 and its derivatives 

a Phenylalanine CoHjjNOa 

b Tyrosine 

c Sunnamme CjoHj^NOa 

6 Lcunne Ce,H,^N02 

7 Argmme . . . . . . CoMj.NjO, 

S L^sme . . . C^HnN^O. 

9 Histidine CoPIflN^O, 

These substances foim not final but intermediate products 
in the vital processes of the plant, they appear chiefly at I he 
time of germination and often increase to very considerable 
quantities (particularly is this the case when the growth occurs in 
the daik), in the sprouts of the lupine asparagine has been found 
to the extent of 30% During the growth of the plant they 
giadually decrease in quantity and disappear almost entirely at 
the time of the flowering of the plant This transitional evjstence 
distinguishes these bases from all the other alkaloids hitherto 
considered. 

Asparagine and the bases most closely related to it serve the 
plant through their high nitrogen content above all as food- 
stuffs for further growth, particularly for the building" up of 

450 
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|)iot()plasni They aie conscquenllv found widely distributed 
ihioughout the entire vegetable kingdom, while in the case of 
the alkaloids already discussed we have noted that an alkaloid 
and Its homologues are usually confined to a tew plant species. 

In particularly laige quantities do we meet these aspaiagmc 
del natives in the extensive families of the Leguminosfe and the 
CiucifeiTe They arc found there not only in the young spiouts, 
but also in the roots, root-bulbs, stenib, buds, in short, in all the 
paits in which reserv^e matciial is stoied up to serve for the fuither 
nourishing of the plant cluiing the period of growth 

Doubtless these substances arc formed, toi the most part 
at least, by the decomposition of protein substances (Icgumin, 
conglutin, globulin, etc ), which accumulate m such large quan- 
tities, paiticLilaily in the seed They have, indeed, been obtained 
by the direct decomposition of albumins of difieicnt origin, eithei 
by their putrefaction oi by purely chemical means as the action 
oi mineial acids, of alkalies, or of barium hydroxide. Animal 
albumins yield under these conditions the same products as 
vegetable Wc arc consequently led to conclude that the existence 
ol leucine and tyiosme in the animal oiganism is due to the same 
cause as that which gives use to these substances in the plant. 

Once toimed in the young plant by the decomposition of 
the reserve stoie of albuminous matter, the asparagine derivatives 
last only foi a short time As soon as the formation of chlorophyl 
and the assimilation of carbon dioxide lead to the production 
of carbohydrates, the aspaiagmc deiivatives take part in the 
vital processes and aie changed into albumins and living pro- 
toplasm. 

In their chemical properties the members of the asparagine 
group are well defined. 

They are primary bases, their nitrogen, consequently, does 
not form part ot a ring Further more, they possess one or two 
carboxyl groups. By the action of nitrous acid they lose the 
amide group and are converted into oxy-acids with the group 

— they accordingly all contain the common group 
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— CH<^^q^jj. The most of these denvatives aie members of 

the fatty senes, though some (phenylalanine, tyiosine, suunamine) 
contain an aromatic nucleus 


I. Aspartic Acid. 

Aspartic acid, 0,117^0,, is found in young siigai-canc and 
in the molasses oi the sugar-beet ‘ It has also been obscr\x‘d in 
diseased liver “ It is formed by boiling /-asparagine with alkalie-:) 
or v\nth mineral acids It is obtained also m the hydrolybis of 
casein, glue, etc ^ 

Aspartic acid crystallizes in piisrns which ate little soluble 
in alcohol and cold water, but aie somewhat more leadily soluble 
in hot water The acid is dc\lroiotatory in aqueous solution 
II the solution is heated, its lotatoiy power gradually decreases, 
at 75° it IS inactive and at a still higher temperatiiic it become'^ 
Levorotatory ’ The natuial aspaitic acid is dcxlioiotaloi m 
acid, la^vorolatoi} in alkaline solution On being heated with 
water oi ammonia at 150°, 01 with hydrochloiic acid at ryo-rSo^, 
it yields the racemic foim, inactive aspartic acid*’ This last is 
also obtained by mixing natural aspartic acid with the acid which 
results from the decomposition of d-aspaiaginc (page 454) 

The aspaitic acids form the three stcicoisomcnc modifications 
of amido-succinic acid 


cooh-ch,-ch/^®^jj 

This follows 

T From the convcibion of the aspartic acids through the 
action of nitrous acid into the coriesponding malic acids “ 

‘ Srheibler, J 1866, ^()q 

^Taylor, Zeilschnjt }itt p/iystologisrhc Chemie, 34, 580 
“Plissnn, A ch [2] 33, 175, 37, 81, 40. 503, 45, 30^ 

'Fischer, Zeit^dmjt j,ir physiologtsche Cliemie, 33, 15 1, 35, 70, 36, 462 

^Cook, B 30, 294 

® ]\rirhael and Wjng, B 17, 2984 

’Piutli, C r 103, 135, B T9, i6q4 

®PirKi, \ ch [3] 22, 160 
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CH(NH,)— COOH CH(OH)— COOH 

I +HONO— I +]Sr,+H,0 

CH— COOH CH,-COOH 

Aspartic acids Malic acids 

The mUural aspartic acid toims ^-malic acid, the inactive 
aspaitic acid, the inactive malic acid 

2' Fiom seveial syntheses of inactive aspaitic acid, particti- 
laily fiom that which Piutti “ effected b}' icchicing the ester of 
oximido-succinic acid with sodium amalgam 

C(NOH)— COOC.H, 

I +4H+2NaOH — 

CH,— COOC2H5 

U\imido-sucLinK ester 

CH(NH,)— COONa 
I ' + 2 C,H 50 H + H,0. 

CH,— COONa 

Sudiuiii UaparLalc 

Inactive aspaiUc acid has been separated by Fischer into 
its optically active foims 


2, Asparagine. 

Asparagine has been found in a laige number of plants 
It occLiis in these in two optically active forms which diftei 
liom each other only in the sign of then rotatory power. 

LcBVO-as paraginc was discoveicd m 1805 by Vauf[uelin and 
RobK[uet " in the young sliuots of aspaiagus (Asparagtis ojfici- 
ualis L , family of the Liliaccae) It is only slightly soluble in 
cold watci, in hot water it dissolves readily and separates from 
the cooled solution in large prisms, which contain a molecule of 
water and which aftei dehydration melt at 234-235°,'^ 


® Piutti, AHi della rtale Academia dci Luicet, 1887, [2] 300 
Fischer, B 32, 2451 

" VauqucIiH and Robiquct, Annales de Chtmiej 57, 88 
‘'’Michael, B 28, 1629 
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It IS almost insoluble in alcohol and ether, it leacts weakly- 
acid and possesses an insipid, somewhat disagreeable taste. As 
we ha\e noted above, it is hevoiotatory and letains the direction 
uf Its rotation also in alkaline solution, in acid solution, however. 
It IS dextrorotatory 

De\l )0 aipaiagnie was discovered in iSS6 by Piutti “ in 
\oung shoots ot vetches {Vicia saliva L, tamily of the Legu- 
ininosa) It resembles its isomer in every respect save that, 
strangely enough, it is sweet and agreeable to the taste This 
asparagine is dextrorotatoiy in neutral or alkaline solution, kevo- 
rotatorv m acid. 

It has not been found possible to produce the inactive aspara- 
o-me by a union of the two active modifications Such a com- 
bination has also not been obseived in the plant An inactu'-e 
asparagine (a-asparagme) is, howev'er, known This has been 
prepared synthetically trom inactive aspartic acid (see the follow- 
ing pages) 

The asparagines are the monamides of the aspartic acids 

Heated with water in a sealed tube, they are conveited into 
ammonium aspartates 

By the action of acids and of alkalies the asparagines are 
decomposed into aspartic acids and ammonia Each of the 
three asparagine modifications yields then the coriesponding 
asp.irtic acid 

Asparagine Ammonium aspartate 

-h NH3 

Aspartic acid 

By reversing this reaction PiuUi succeeded m synthesizing 


PiuUi, C r 103, 135 
“ Boutron and Pelouzc, A ch 52, qo 
‘^P lisson, A ch [2] 35, 175, 37, 81, 40, 303, 45, 304 
PiLitli, G 17, 126, 18, 457 
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the asparagines from inactive aspariic acid When this was 
convcited into its monoelhyl ester and the lalte*r was heated with 
alcoholic ammonia, he obtained together with inactive aspara- 
gine a mixture ot the two active asparagines, which he was able 
to sepaiate mechanically by picking out the heniihedral crystals 
of opposite foim 

Monoethyl asparnle A^sparagme 


The pioof that the asparagines aie the monamides of the 
aspaitic acids is, however, not alone sulficicnL completely to 
establish their constitution As we may leadily see, the aspaitic 
acids aic able to yield two isomciic monamides, corresponding 
to the two formulce, 


NH2— CH— COOH 

CH— CO-NH2 
1 


and 


NH.~CH— CO— NH. 

I 

CHj— COOH 
II 


Which ot these foimulffi, now, repiesents the asparagines? 
This question has been answered by the investigations of 
PiLitti.^^ By the reduction of oximido- pxalic ester, *1 

HON=C— COOCHs 

I 

CH,— COOC3H3 

With sodium amalgam and the paitial saponification of the prod- 
uct thus icsiilting, he obtained two diffeient monoethyl esteis 
of aspartic acid, one melts at 165^, the othci at 200° 

Indeed, two such derivatives are to be expected, depending 
on which of the two ethyl gioups is eliminated in the saponification 


” PiiUti, G 18, 457 
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NH— CH— COOH 

CH,— COOQH5 

in 


and 


NH— CH— COOCjHj 

CH2— COOH 
IV 


Ebert*® had already obtained by the decompobilion of sut- 
cinylo-succinic ester a monoethyl ester of oximido-succmic acid, 
to which must be assigned the formula 


HON=:C— COOCjHj 
CHj— COOH 

since by the elimination of carbon dioxide it is converted into 
ovimido-propionic ester 


HON=C— COOCoHs 

I 

CH3 

Now Piutti found that v\hcn the above ovimido-succinic ester 
was reduced with sodium amalgam, it yielded that monocthyl 
ester of aspartic acid which melts at 165° The latter is accoid- 
ingly represented by foimula IV, while its isomei which mcltb 
at 200° must be expressed by formula HI 

On tieating these two asjiartic estcis with alcoliolic ammonia 
Piutti succeeded in replacing the ethyl gioup in each with the 
amide group He thus obtained two monamidcs rcpicscntcd 
by formulas I and II 

The ester melting at 165° (formula IV) thus gave use to an 
inactive asparagine, a-asparagine (formula II) 

The ester melting at 200° (formula III) yielded, on the othci 
hand, a mixture of d- and ^-asparagine The constitution of the 
latter is consequently expressed by formula I. 

It thus appears that inactive or a-asparagme is not structurally 
identical with the /?- asparagines 

The asparagines are without particular physiological action 


Ebf r(, \ 229, 
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Recent investigation points to their occurrence in the plant as 
.secondary decomposition-pioducts of albiimmoLis substances, the 
primary products being amido-acids and hexone-bases. 


3 Glutaminic Acid. 

Gliitaminic acid, CgHc^NO,, was first obtained by Ritthausen 
in iS66 by boiling albuminoid substances with dilute sulphuric 
acid It occuis in the molasses from beet-root and in the 
spiouts ot vetches and gouids 

It foims ciystals which aic little soluble in cold water, im 
soluble m alcohol and in ethei, it melts with decomposition 
at 208° In neutral and acid solution, this, the ordinary glu- 
taminic acid, is dextroiotatory, in alkaline, lagvoiotatory When 
it IS heated with baryta- watci to 150^ it is converted into inaclive 
glniammic aoid^ which melts at 198° By repeated crystalliza- 
tion fiom water this inactive acid may be separated into its two 
active constituents This separation may also be elfected 
thiough the stiychnine salt of benzoylglutamimc acid Lrevo- 
glutaminic acid may turther be obtained from the inactive form 
by means of Pcniullinm glaucum The Itevorotatory acid pre- 
sents the same appearance and behavior as the ordinary vari- 
ety In acid solution, however, it turns the plane of polarized 
light to the left.-^ 

When glutaminic acid is treated with nitrous acid, there 
IS obtained a hydioxy-acid, CgHsOs (7--hydro\yglutanc acid), 
which on reduction with hydriodic acid passes over into glutaric 
acid 

COOH— CH— CH,— CH2— COOH. 


Balicka-Iwanovvska, Anz Akad VVm Krakau^ 1903, 9. 

Ritthausen, J pr 99, 6, 454 
Scheibler, B 2, 296 
Gorup-Besanez, B 10, 780 

Menozzi and Appioni, Aiti della reale Academia dei Lincei, 1891, [r] 33. 
Fischer, B 32, 2451 

Schulze and Bosshard, Zeitschrijt fur physiologische ChemiCf to, 143 
'’® Ritthausen, J pr 103, 239 
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From this glutaminic acid appears to be an amido-derivative 
of glutanc acid 

^h/nh, 

/'^"\COOH /CH— COOH 

CHj or CH — NH, 

\CH,— COOH XCHo— COOH 

Now since glutaminic acid is optically active it iniist contain 
in its molecule an asymmetric carbon atom and must accoidingly 
possess the constitution icpresented by the former of the formulie 
in question. 

This formula for the acid is confiimcd by the synthesis of 
inactive glutaminic acid, which was clfcctcd by Wolff by means of 
the following reactions 

i'. GIyox3dpiopionic acid with hydioxylamine yields a diovimc 
(dusonitrosovaleric acid) 

/CO— CHO 

CHj +2NH2OH-* 

\CHj— COOH 


/C(NOH)— CH(NOH) 

CHj +2 HjO. 

XCH^— COOH 

2'. On successive treatment with concentiated sulphunc acid 
and cold sodium hydioxidc this dioxime is converted into isoni- 
trosocyanbutyric acid 

/C(NOH)— CH(NOH) /C(NOH)-CN 

CHj -.CHj +H ,0 

\CH,-COOH \CH,-COOH 

3'. Wlien the latter is saponified with alkalies it gives use to 
isonitrosoglutaric acid. 


” WolIJ, A 260, 79 
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/C(NOH)— CN /C(NOH)— COOH 

CHj +2 HjO— ^CH, +NH, 

\CH,— COOH \CH,— COOH 

4' On 1 eduction of the last derivative with zinc and h3'dro- 
chloiic acid inactive glutaminic acid is formed 

/C(NOH)-COOH /CH(NH.)— COOH 

CH, +4H~.CH, +H,0. 

\CH,-COOH \CH,-COOH 


4. Glutamine. 

Glutamine, CjHjoNjO,, is also somewhat widely diffused 
throughout the vegetable kingdom. It seems to take the place 
of Its lower homologue, asparagine, in certain families, particularly 
in that of the Cruciferae. It was discovered in 1877 by Schulze 
and Urich in beet-roots 

It crystallizes in fine needles which are somewhat readily 
soluble in water, insoluble in alcohol. In neutral solution it is 
inactive; in acid, dextrorotatory 

When glutamine is boiled with baryta-water it is decomposed 
into glutaminic acid and ammonia, it accordingly appears to 
be the monamide of this acid. 


/CH 


NH, 

,co6h 

CH, 

\CH— CO— NHj 
I 


or 


CH, 


CH 


/NH, 
\CO— NHj 


\CH2— COOH 
II 


The experimental data leading to a choice between these 
two formula; are as yet lacking From analogy with asparagine 
and the othei bases of the same group, which all have the free 
carboxyl and the amide group attached to the same carbon atom, 
foimiila I appeals to be much the more probable 

Scliulze and Urich, B lo, 85 Schulze and Bosshard, B 16, 312 E 
Schulzcj B 29, 18S2. 
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5. Alanine. 

\lanine, C3H7NO3, has been obtained by the decomposition 
of the Icgumin contained m pcas.-“ The composition is brought 
about by heating the proteid with barium hydroxide 

Alanine is of particular interest, since it forms the mothci- 
substance of phenylalanine and tyrosine^ bases which are found 
in many plants 

Alanine (inactive) crystallizes m needles which melt with 
decomposition at 293® It dissolves readily in water, moie dif- 
ficultly in alcohol, and is insoluble in ethei 

From the inactive form may be deuved the active alanines 
(melting-point 297°) These show only a weak rotatoiy power, 
which m acid solution, hovvevei, is considerably increased. 

Alanine is a-amido propionic acid 


CH3— CH 


/NH. 

\CObH 


Its constitution is shown not only from its conversion into a-lactic 
acid by means of nitrous acid, but also from the following two 
syntheses 

i'. From a-chlorpropionic by treatment with ammonia 

/Cl /NH, 

CH3---CH + NH, CH3— CH + HCl 

\COOH \COOH 


2' From aldehyde-ammonia and prussic acid under the 
action of hydrochloric acid 


/NH. /NH3 

CH3— CH -h HCN — CH— CH + H3O. 

\OH \CN 

a-Amidopropionitnle 


Blennard, A rh [^] 26, 47 
Fischer, B 32, 2451 
■*' Kolbe, A 113, 220 
Strecker, A 75, 29 
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/NH, /NHj 

CH,-CH + 2 H ,0 CH3-CH + NH, 

\CN \COOH 

Alanine 

This constitution is further confirmed b}? the tiansfoima- 
tion of d-alanine into d-lactic acid, when a solution of the former 
in hydrochloric acid is treated with silver nitiile 

a Phenylalanine, CoHnNO,, was isolated by Schulze and 
Baibieri®' from lupine sprouts. It crystallizes in prisms or in 
leaflets which are little soluble in cold water and alcohol, insoluble 
in ether It melts with decomposition at 263-265°. 
Phenylalanine is ^-phenyl-a-mmdo propionic acid: 

c„h,-ch,-ch</nh^jj 

This constitution is proved by both the following syntheses 
t' Phenylacetaldehyde and hydrocyanic acid unite to form 
the nitnle of /?-phenyllactic acid 

/OH 

C0H5— CH2— CHO + HCN — C0H5— CH^— CH 

\CN 

From the action of ammonia on this, there is obtained the 
niLrile of p-phenyUa-amidopropwnic acid' 

/NH3 

QHs— CH— CH 

\CN 

On saponification with hydiochloric acid the last derivative 
is converted into phenylalanine. 

/NH, 

C„H,-CH— CH 

\COOH 


** Fischer and SKita, Zeilschrijt jnr physioh^ischc Chenney 33, 177. 
Schulze and Barbieri, B 12, 1924, 14, 1785, 16, 1711 
Erlnnmever and Lipp, A 219, 170 Erlcnmeyer, jun , A 275, 13 
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2'. Under the influence of sodium and sodium alcoholate, 
benzaldehyde and hippunc acid condense to benzoylamido 
cmnamic ester. 


yONa 

C,H,-CH<; + 

\0C,H5 



NH— COC,H 
COOCjHs 


5 


/NH— COQH5 

C„H-CH=C< + CAOH+NaOH, 

\C00CjHs 


When this conclensation-producL is reduced with sodium 
amalgam, we obtain a-benzoylamidophenylpropionic acid It 
the latter is now heated with concentrated h}drochloiic acid to 
150°, decomposition takes place into alcohol, benzoic acid, and 
phenylalanine 

/NH— COCA 

CeHs— CH— CH + 2H2O — 

XCOOC^H, 

/NH, 

CA-CH-CH + C„H5COOH + C,H,OH. 

\COOH 

Phenylalanine 


Inactive phen3dalaninc may be separated into the d- and 
Z-modifications through the cinchonine salt of the benzoyl deriva- 
tive d-Phenylalamne is the optical isomer of the natuial 
phenylalanine. 

h Tyrosine, CoHnNOj, was obtained by Liebig” in 1846 
by fusing casein with potassium hydroxide, it was isolated by 
Schulze and Barbieri^® from sprouts of lupines and gourds and 
by V Lippmann ” from the molasses of the sugar-beet 


“Fischer, B 32, 3646, 33, 2383. 

"Liebig, A 57, 127 

“Schulze and Barbien, B ii, 710, 1234, 12, 1574 
“ von Lippmann, B 17, 2825 
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It crystallizes in lustrous needles melting at 235°, it dissolves 
with difficulty in cold water, somewhat readily m hot, it is in- 
soluble m ether and almost so in alcohol. In neutral and acid 
solutions It IS Uevorotatory. 

Tyrosine is the para-hydroxyl-dciivative of phenylalanine 
{p -oxy phenylalanine) 



— CHj— CH<^ 


NHj 

coon 


Tyrosine 


Fused with potassium hydroxide it is decomposed into p-oxy- 
benzoic acid, acetic acid, and ammonia 

Erlenmcyer and Lipp synthesized it by nitrating phenyl- 
alanine, reducing the nitro-derivative with tin and hydrochloric 
acid and finally treating with nitrous acid the product thus ob- 
tained 

Eilenmcyci, jun , and Halsey also prepared tyiosme by 
employing /^-oxybenzaldehydc instead of bcnzaldehyde in the 
phenylalanine synthesis fiom hippuiic acid and benzaldehyde 
c Surinamine, C^jHigNOg, was discovered in 1824 by Hutten- 
schmid in the bark of Geofjroya snrinamensis Murr (family 
of the Leguminosac), and was employed as an anthelminthic 
It was later extracted fiom other plants and described undei 
different names, as mlanJmie,'^^ angelinc^'^ gcofjroyine,^^^ and 
audirine 

Surinamine crystallizes from hot watei in needles which 
melt With decomposition at 257® It is little soluble m cold 
water and alcohol, insoluble in ether It possesses the character 
of a monacid base and of a dibasic acid. Since there are only 


Barth, A 136, no 

Erlenmcyer, jun , and Halsey, B 30, 2981, A 307, 138 
Huttenscbmid, Magnzin jitr Pharmaae, 7, 287 
^ Ruge, J 1862, 493 Kreitmair, A 176, 64 

^^Peckolt, Zeitschrijt des oslernichtschen A potliekerveretns, i868, 518. 
'‘^Winckler, Jahrbtich dcr PharYnacie^ 2, 159 
"HiUer, A Pharm 230, 513 
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•e oxygen atonib in the molecule, the alkaloid thus probably 
tains a phenol gioup 

From its properties suiinamine appeals to be closely lelaLcd 
tyrosine, it is probably a higher homologue of the latter 
ther data are, however, needed to determine its constitution 


6. Leucine. 


Leucine, CeHigNO,, was obtained in i8i8 by Pioiist Irom 
putrefaction of gluten and of cheese 
It IS found quite widely diffused in the animal kingdom 
may be prepared fiom casein by the action of Liypsin and 
m this and other substances by hydrolytic decomposition 
It occurs also in the vegetable kingdom, as in the fungus 
the fly {Amanita miiscana Pers ), m the sprouts of vetches, 
ines, gourds, in the molasses of the sugar-beet, in potatoes, 
blighted corn, etc 

Leucine crystallizes in shining leaflets which melt at 170° 
IS little soluble in cold water and alcohol, icadily soluble in 
In neutral solution it is kevo-, in acid dextrorotatory On 
ng heated with baryta-water to 150-160° at is converted into 
Clive leucine Nitric acid oxidizes it to oxycapioic acid, 
i,o(OH)COOH 


Leucine is the a-amido-denvative of isocaproic or isobutylacctic 
d 


CH3\ 

CH3/ 


CH— CH^—CH 

Leuoine 


/NH, 

\COOH 


Schulze and Likiernik have, indeed, synthesized inactive 
cine by successively treating isovaleraldehyde-ammoma with 
Jrocyanic and hydrochloiic acids 


™;\ch-ch,_ch<^nh. ^ 

Iscivaleraldehydi. ammonia 

"Proust, \ rh [i] to, 40 
" Rohmann, B 30, 1978 

"Schuke, ZeUschnjl j,n phys,oIo?iscUe Chemie, 9, 108, 10, 13.; 
“Schulze and Likiernik, E 24, 6(jo, 25, "td 
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ch:>ch-ch.-ch<(nh= ^ 

a-Amido-isubuty laceto-mtn le 

ch3^ch-ch,-ch/^h, ^ 

ot:>“-ch.-ch<^oh + nh.. 

Leucmc 


It has also been synthesized by Erlenmeyer, jun., and Kunlin®^ 
fiom isobutyraldehyde and hippunc acid 

Under the influence of Pcnicilhum glaucum, inactive leucine 
gives use to the dextro-modification The separation of inactive 
leucine into d- and Meucine was effected by Fischer “ through 
the cinchonine salt of the benzoyl derivative. The Meucine 
thus obtained is identical with the natural product. 

An isomeric leucine, 


c,h; 

CH3^ 


.PK pTj/NHs 


has been prepared by Etard and Vila®^ from methylcthylacetal- 
dehyde-ammonia. This resembles the natural leucine, but unlike 
the latter it possesses an intensely sweet taste and is rather soluble 
in water. 


7, Arginine. 

Arginine, was found by Schulze and Steiger 

m the young shoots of gourds and lupines, particularly in the 
lattei It has also been noted in beet- root and m several com- 
fers It further occurs as a decomposition-product of animal 
albuminoid substances 

Erlenmever, jun , and Kunlm, A 316, 145 

Fischer, B 33, 2370 

Etard and Vila, C r 134, 122 

Schulze and Steiger, B 19, 1177 Schulze, B 24, 1098 
von Lippmann, B 29, 2645 
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The salt solutions of arginine are dextrorotatory; they are 
without particular physiological action. 

With nitrous acid arginine yields nitrogen. This indicates 
a primary base. When heated with baryta-water, arginine is 
decomposed into ammonia, urea, and oTitilhine, CjH,2N202. 

According to the investigations of Ellinger ” ornithine is a 8 - 
diamtdovaleric acid, NH2CH3 CH2 CH2 CH(NH2) COOH, 
since the action of bacteria decomposes it into carbon dioxide and 
lelTanwthylcnc diamine (^piilfesctn) . 

(NH2)CH2-CH2-CH2-CH(NH2)-C00H 

Omithme 

CO2 + (NH3)CH2— CH2— CHj— CH jCNHj). 

Tctramethylene diamine 


This constitution is confirmed by the following synthesis of 
E Fischer 

By the action of bromine on T'-phthalimidopropylmalonic 
ester there is formed the corresponding brom-derivative . 


CoH 4 <^^q^N— CH 2— CHj— CHj -t- Brj 


T'-Phthalimidopropylmalomc ester 



— CHj— CH2— CH2— CBr 


/COOC2H5 

\C00C2H5 


-hHBr. 


r-Phthalimidopropv Ibrommalonic ester 


Saponification of this ester and elimination of carbon dioxide 
from the resulting acid give d-phiJiahmido-a-bromvalenc acid, 


CH2— CH,— CH2— CHBr— COOH 


By treat- 


ing the latter with aqueous ammonia, Br is replaced by NHj 


“ Schulze and Likiernik, B 24, 2701 Schulze and Winterstem, B 30, 2880, 

32. 3191 

"Elhnger, B 31, 3183, 32, 3542 
Fischer, S'ltzungsber Kgl pr Akad Berlin, 1900, iiii 
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Subsequent heating with hydrochloric acid gives rise to 
ao-diamidovaleric acid {ornithine) 

— CHj— CHj— CH(NHj)— COOH + 

5~PhLhalimjdo-a-amido valeric acid 

C„H,(COOH)j+(NHj)CH,— CH— CH^— CH(NH,)— COOH 

Ornithine 


The piobable constitution of arginine is shown by its synthesis 
from the action of cyanamidc on ornithine The leaction Lakes 
place in aqueous solution at the oidinary temperature 


CNNH, -{- (NHo)CH2— CH3— CH2— CH(NH2)— COOH 

Cyananiidf Ornithine 


/NH. 

C=NH 

\nH— CH 2— CHj— CHj- 

Arginine 


-CH(NH3)— COOH 


It is, however, not quite certain whether the cyanamide adds 
itself to the group as hcie represented 01 to the 

gioup According to this formula arginine must be regarded 
as a guanidine deiivative In full conformity with this constitu- 
tion are the products obtained by oxidizing arginine with barium 
permanganate There are thus formed guanidine, pguanidine- 
bulyric acid, and succinic acid 

fl^-Aiginine when heated with concentrated sulphuric acid is 
convcited into the inactive modification®® 

8. Lysine. 

Lysine, CqHi,,N 202, was first obtained by Drechsel from 
the action of hot hydrochloric acid and stannous chloride on 


Kutscher, Zeitschrijt jiir pliysiologische ChcmiCj 32, 413 
Ibid , 32, 476 
Drechsel, B 25, 2455 
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casein. It results from the decomposition with hydrochloric 
acid of proteids from the seeds of conifers®- It occurs in tlie 
young sprouts of Liipiniis hdens!^'^ 

From its yielding pentamethylene diamine (cadavervie) on 
decomposition with putrefaction bacilli, lysine appeals to be 
az-dmmidocaproic acid.^' 


CHo^-CH,— CH(NH2)*--C00H 


This constitution is confirmed by the following synthesis ot 
Fischer and Weigert 

f-Cyan pro pylmalonic ester ^ 


CN-CH,-CH,-CH.-CH/ggggg 

on treatment with nitrous acid yields a-o^imido-d-cyanvaleric 
esler’ 

CN-~CH— CH 2 — CH,-~~C(NOH)— C00C,H5. 


Reduction with sodium and alcohol converts the latter into 
lysine 


NHj— CHj— CH,— CH,— CH,— CH(NHj)— COOH 

The artificial lysine differs from the natural only in being 
optically inactive, when warmed with hydrochloric acid to 165- 
170 , however, the latter is converted into the inactive modifica- 
tion. 


9. Histidine. 

Histidine, CeHgNgOg, was obtained by Kossel®® from llio 
decomposition-products of a piotamine It is also formed Ijy 

‘’Schulze and Wmterstem, Zeitschnjt jar physiologische Cliemie, 28, aiS 
“ Schulze, tb,d , 28, 465 ^ 

“ Ellinger, B 32, 3542 
Fischer and Weigert, B 35, 3772 
^ kossel, Zciischnjt jur physiologische Chemie, 22, i8t 
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boiling albuminous substances with hydrochloric acid.®^ It 
icsiihs together with lysine from the decomposition of proteids 
fiom the seeds of conifers®^ It occurs m the young sprouts of 
Lupinuii and Lupimis albiis,^^ 

Histidine crystallizes in leaflets which are readily soluble in 
walci, little soluble in alcohol. The free base is Isevo-, its hydro- 
chloride dextrorotatory.*^^ 

Histidine contains an amide and a carboxyl group, little, 
howc\'er, is as yet known regarding its constitution.’® It is 
piobably a member of the aspaiagme gioup. 

Hodin, Zcitsclnift jitr physiologischc ChcmiL, 22, rgi 
Wasbiliclf, Chemische^ Ccntralblatl, igoi, I, 7S6 
Kossel and KmIscIilt, Zeitschnjl j/tr phy^iologischc Chcmiej 28, 382 
rkr/op;, ZiitschnjL j/tr physiologische Cheiuie, 37, 248 Wcigert, tbtd t 
39, 213 FranLcl, M 24, 229 
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THK CHOLINE GROUP 

This group includes thiee alkaloids, all of winch are closolv 
related in constitution 

1. Choline Cr,H,i;NOj 

2. Muscarine Cr,H,f,N03. 

3 Betaine CnHuNO,. 


I. Choline. 

Choline {sincalme, hdmcuriiie, amanUmc) was olitained bv 
Babo and Hirschbrunn ‘ in 1851 by the decomposition of siiiapine 
with baiium hydioxidc and was described by them undei llu*' 
name of sincalme 

In 1875 Schmiedebcig and Harnack ^ found choline in toad- 
stool (^wiaiu/a imncaria Pcis) and gave it the name amanihnvr 
It occurs in this fungus togethci willi mustaiine 

Its name, choline, was given by Strccker,'' who isolated the 
base from animal gall CyoA;/) Of all the alkaloids (holme is 
found most widely distiibuted thioughout the vegetable kingdom. 
It IS foimed indificrcntly in the most vaiiecl plant species which 
beai no botanical relation to one anothei 1 1 is jnobable lhat it is 
a product constantly occuirmg m the vital pioccsses of the jilant 
and necessaiy in the building up ot the plant-cells 

Chohne has been observed m the seeds ot the pea, oat, sc>same, 
hemp, lupine, bailey, gouid, vetch, lentil, bean, cotton-planl, 
and goat’s hoin, in the fiuit of the common beech, in the betel- 


' Babo and Hirschbrunn, \ 84, to 

^ Schmiedebcrg and Harnack, Chcmischcs Centralblalt, 1871^, 620 
^Streckcr, ^ 123, 353, 148, 76 
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nut, in bitter almonds, in potatoes, beets, in morels and other 
fungi, m the roots of the ipecacuanha, of the calamus, in the 
leaves of the belladonna, henbane, clover, m tea, etc , it has 
also been noted in wine and beer 

Choline is also found, as has been indicated, in the animal 
organism Liebrcich obtained it m 1865 by treating the brain 
of an o\ with barium hydioxide It is ordinarily prepaicd by 
boiling the yolk of the egg with baryta-water. 

These different animal and plant products contain choline 
not originally as such, but in the form of complicated derivatives 
which are known as lecithins — basic bodies soluble m water, 
alcohol, and ether 

By the action of acids or of alkalies the lecithins are decom- 
posed into choline, glycerine, phosphoric acid, and higher fatty 
acids. Because of this decomposition they are represented by 
the following general formula 


/O— R 


C3H3-O-R' 
\.p— PO 


/OH 

\ 0 -C,H,,NO 


in which R and R' designate the ladicals of stearic, palmitic, 
or oleic acid 

The lecithins play an important role in the plant organism. 
They appear to be closely related to the chlorophyll, it is possible, 
indeed, that chloiophyll itself is to be classed among these sub- 
stances and that their formation is due to its decomposition 
This view, however, is at present largely speculative 

Choline forms a non-crysLallizable sirup which deliquesces 
in the air and dissolves in water in all proportions It is strongly 
alkaline m reaction, physiologically its action is slight 

It IS a quaternary base of the ammonium type, its nitrogen 
atom is penlatomic with one of its valences attached to a hydroxyl 
group. Its salts arc formed with the elimination of water, the 
hydroxyl being replaced by an acid radical 
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OH+HCl — Cl -hH.O. 

'*Chohne Choline h vdroebloridL 

Choline is tnmelhyl oxyethyl ammonium hydioxide* 


(CH,),=N 


/CH— CH— OH 
\OH 

Choline 


Its constitution is established by the following syntheses 

i' Choline hydrochloride is tormed when tnmelhylainine is 
heated with glycol chlorhydiiii ‘ 

(CH3) =N + CH,C1— CH,OH - 

TnmeLhvlarnmL Glycol » hlurhydrin Chulmt. luiliochlondL 

2' Choline itself results from the action of ethylene oxide 
on an aqueous solution of trimethylaininc at the ordinaiy tem- 
perature ' 

(CH3)3=N+CH,-CH,-hH,0 - 

Tnniethylaminc \ / Choline 

o 

Ethylene o^ide 

3' If ethylene bromide acts upon trimethylaminc and the 
resulting addition-product, bromelJiyl tnmelhyl ammonnm bromide, 
is treated with silver nitrate, choline nitiatc is foimcd 

(CH3)3=N-FCH3Br-CH3Br - (CH3),=N<^^J^ 
(CH3)3=N<^g^=~^^=®'' + 2 AgN 03 -hH 30 - 


(CH3)3=n/^ 53 +2AgBr-hHNO,. 


* Wurtz, C r 65, 1015 

* Bode, A 267, 271, A Pharm 229, 469 
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The constitution of choline also follows from its decompo- 
sition-products, when a concentrated aqueous solution of cho- 
line IS boiled, the base is decomposed into trimethylamine and 
glycol 

Choline is of particular interest because of its relation to the 
opium alkaloids Thus moiphmc when decomposed yields a 
base, dimethyl-oxyethylaminc, (CH3)2N — CH2 — CH, — OH, which 
with methyl iodide gives the hydnodidc of cholme From this 
morphine as well as codeine and thebame appear to be choline 
derivatives (page 277). 

Cholme hydrochloride with acetyl and benzoyl chlorides 
foims acetyl and benzoyl derivatives (proof of the hydroxyl 
group) “ 

When this same hydiochloridc is healed with hydriodic acid 
to 120-150°, the iodide — CH2 — CH2I, is obtained. 

Moist silvei oxide transfoims this deiivative into trmrethyl 
■vinyl ammonium hydroxide , 

(CH,)3=N^qjj * 

This last substance is identical with netinne, an extremely 
poisonous base, which was discovered in 1865 by Licbreich 
at the same time as choline on treating ox-brain with baryta- 
water ’ 

By the action of oxidizing agents (nitric acid, chiomic acid, 
potassium permanganate) choline is changed to betaine. 

2 . muscarine. 

This base is the poisonous principle of the mushroom {Amaniia 
nvuscaria Pers ) It was isolated from this by Schmiedeberg 
and Koppe ® in 1870 It is also found in some other poisonous 


« Bayer, A 142, 325 
Ibid ^ 140, 31 1 

® Schmiedeberg and Koppe, B 3, 281 
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fungi, to which possibly iL impaiLs Ihc poisonous character, also, 
according to Marino-Ziicco and Vignolo,’^ in the llowcis and 
fruit of Cannabis indica, family oJ the Cannabinaccic 

It forms deliciLiesconL ciystals which aic ciuitc soluble in 
water and alcohol, insoluble in cthci It is a sLiong base without 
odd or taste and is highly poisonous When heated it is de- 
composed, trimethylaminc being foimed 

Muscarine like choline then is to be legarded as an amnuinium 
hydroxide, m the foimation ol its salts a hydroxyl gioup is le- 
placed by an acid radical 

C,H. A=N-OH + HCl 

MnbLannu Muicanuc liyilrdt-hloridL 

The constitution of muscanne has not as yet been fully de- 
termined. Until recent ycais it was legarded as acetal tii- 
methyl ammonium hydroxide: 

(CHA^N^gl-CIKOH), 


Attempts to synthesize muscanne, howevci, have cast some 
doubt on the above constitution Fischer/” by methylating 
acctal-amine and Bcilinerblau “ from tiimethylamine and chloi- 
acetal, obtained bases mutually identical but chtferent fiom 
the natuial muscanne Fischei lurthei showed that the snythe- 
sized base possessed the constitution icprcsented, since oxidation 
with silver oxide convened it into betame 


(CH.).=N/g^-CH.-On +,0. 

(CH,),H;N/gH--COOH 

D<.ramu 


“ IVtanno-ZuLri) and Vignolo, G 25, 262 
n Fischer, B 26, 468, 27, 165 
'' r»Lrlinerbl HI, B 17, n ^0 
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On the other hand, in favor of the above constitution for 
muscarine is the statement of Schmiedebeig and Harnack that 
muscarine is formed by the oxidation of choline with nitric acid 


(CH3)3=N 


/CH— CH2— OH 
\OH 


Choline 


+0— 


Muscarine ( O 


The product thus obtained, indeed, closely resembles the 
natural muscarine, but, as careful study has shown, it is not iden- 
tical with the latter.*^ 

An isomiiscarine, 


has been prepared by Bode 


3. Betaine. 

Betaine was discovered by Scheibler^'^ in 1869 in beet-root 
{Bela vnlgarn L , family of the Chenopodiacere), where it is 
found associated with a large number of other organic substances, 
such as malic, tartaric, oxalic, citric, aconitic, tiicaiballylic, 
aspaitic acids, and such bases as choline, xanthine, hypoxanthme, 
guanine, asparagine, etc In uniipe beets its quantity amounts 
to about o 25%, in the ripe it decicascs to o 1%, in the molasses 
the base is lound in much larger quantity, oltcn as high as 3% 
Betaine occurs also in other plants, accompanied ordinarily 
by choline and trigonelline It has been obtained from cotton- 


Schmiedcberg and Harnack, Archiv jiir experwienielle Falhologie, 6, loi, J 
1876, S04 

Nothnagel, B 26, Sot 
Bode, A 267, 291 

Scheibler, B 2, 2C)2, 3, 15^5, Zcitschnjt jur Chcmie, g, 2yg 
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seed, from the barley, the vetch, fiom Chcnopodmm album L , 
Artemisia Cina Berg , Lycmni barbariim L., Scopolia alropoides 
Bercht , fiom the leaves of the potato, and from the root of Allhaa 
ofjieiiuilis 

Emmerling noted its occunence among the pioducts result- 
ing trom the putiefaction of gluten. 

It ciyslallizes from alcohol m large, hygroscopic crystals 
which aie sweet and refreshing to the taste. It is leadily soluble 
in watei and alcohol, insoluble m ether. 

Betaine is a weak base, neutral in reaction, optically inactive, 
and non-poisonous 

Like choline and muscarine it is a quaternary ammonium 
base. 

QH,,0,=N— OH C,H,, 0 ,=N— Cl 

Betame Betaine hsdrtichlonde 

The constitution of betaine is shown by its diffeient syntheses 
It IS the methyl hydi oxide of dimethyl glycocoll 

Betame easily loses the elements of a molecule of walei, 
to effect this it suffices to heat the substance to 100° or simply 
to let it stand over sulphuric acid The resulting anhydride 
(melting-point 150°), 


(CH3)3=N-CH, 

1 I 

O—CO 

IS the prototype of the so-called organic betaines. 

Betame may be prepared* 

i'. By the oxidation of choline with chromic acid or potas- 
sium permanganate 

Emmerling, B 29, 2721 
” Liebreich, B 2, 12, 167, 3, 761 
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Cliohne Betaine 


2'. By the condensatjon of trimethylamine with monochlor- 
acetic iicid 


(CH0,N + CH,C1— COOH 

Trimethylamine ChluiaLclic acid 


(CH3)3N< 


CH,— COOH 

Cl 


Betaine hydrochloride 


3'. By the action of methyl iodide on glycocoll in the presence 
of an alkali 


NH2— CH2— COOH + 3CH3I +3KOH 

GIylogoU 


fn-a \ — COOH , v-r . Tj 

(CH,)iN<r Qjj- +3KI + 2H2O 

Bctafnc 


Sarcosine, C3H7NO2 — Sarcosine, which was discovered by 
Liebig in 1847 in the decomposition-products of creatine, is 
closely related to betaine It has been obtained by Rosengarten 
and Strcckei by boiling cafleine with baryta-water It crystal- 
lizes in rhombic prisms which dissolve readily in water but 
with difficulty in alcohol, it tastes sweet and melts with decom- 
position at 210-215°. 

Sarcosine is mcthylglycocoll (methylamidoacetic acid). 

CH3NH— CHo— COOH. 

Sarcosine 

Its constitution is indicated by its synthesis from methylamme 
and chlnracetic acid 


Griess, B 8, 1406 
Liebig, A. 62 '^10 

Rosengarten and Sirecker, A 157, r 
X'olhard, A 123, c>6i 
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The relation between sarcosme and betaine is shown in the 
following formulae 

CH-NHCH, CH,-N(CH3)2<^^“’ 

COOH COOH 

Sarcosme Betaine 

(MetbylglycocoU) (DimethylglycocoU methyl hydroxide) 
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ALKALOIDS OT THE MUST\Rl)-SEED 

The seeds of the mustard, Sinapis alba L and Sinapis 
nigra ij (family of the Crucifenc), contain two alkaloids. 


Sinai^mc C,„H2r,NO„ 

Sinalbin C^(,H^2N2S20,r, 


The foimoi is found in black musLard, the latter in while. 
In black niustaid thcic occur'^ fiirthei moie a glucoside, the 
pottissium salt of inyionic acid, CioHmNS.KOj^ + HoO When 
saponified this yields glucose, ally! mustaid-oil, and potassium 
bisulphatc 

I SINAPINE. 

Sinapme was discoveied by Henry and Gaiot ^ in 1825 It 
IS ol)ta!iu<l in the form of its dilficLiltly soluble sulphocyanatc 
CiJ-I.iNOr SCN-I-H 2 O by adding potassium sulphocyanatc to 
an alcoholic extiact of mustard-seed Sinapinc also lesulls from 
the decomposition of smalbin ^ 

Accoiding to Gadamer sinapinc occuis in black mustard 
but not in white, the kilter contains only sinalbin, which m its 
decomposition yields sinapinc 

Sinapinc is not known in the free state. If we attempt to 
isolate it fiom any of its salts, wc obtain a deep yellow solution 
of strongly alkaline reaction. When, however, the solvent is 
clnven off, the alkaloid suffers decomposition 

This decomposition takes place still moic icadily if the aqueous 


’ Henry and Carol, Journal do pharmacies [2] 20, 63, 42, £ 
^ Will and Laubcnheimer, A 199, ii^o 
® Gadamcr, A Pharni 235, 44, 81, B 30, 2322, 2330 
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solution IS heated with an alkali, there are thus formed choline 
and sinapic acid' * 

C16H25NO0 + H2O — ► C5H15NO2 + CijHioOs- 

Sinapme CholinL Smipic and 

The constitution of choline we have already learned (page 
472) , that of sinapic acid was studied by Remsen and Coale ‘ 
and later by Gadamer 

Smapic acid crystallizes from alcohol m prisms which melt 
at 191-192°, at a higher tempeialure the acid is decomposed It 
IS little soluble m cold alcohol and still less in water and ether 
It IS a monobasic acid, treated with alcohol and hydrochloric 
acid it yields an ester 

It contains two methovyls (method of Zeisel) and one h3'droxyl 
(acetyl derivative) When treated with methyl iodide in alkaline 
solution It yields the methyl ester of melhylsmapic acid (melting- 
point 91°) 

C8H,(0CH3)2(0H)(C00H) -l-2NaOH-l-2CH,I 

Sinapic acitd 

C8H,(0CH3)3C00CH3-1- 2NaI -h 2H3O 

MethyLinapic methil ester 

By the saponification of this ester with alcoholic potash the 
free methylsinapic acid, CiiHt(OCH3)3COOH, is obtained (needles 
melting at 124°) 

On oxidizing methylsinapic acid with potassium perman- 
ganate in alkaline solution, Gadamer obtained Irimelhyl gallic 
acid: 

CH 3 O— 

CH,0- 

OCH, 



* Babo and Hirschbrunn, A 84, 10 
® Remsen and Coale, Am Chem Jour 6, 50 
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From this may be deduced either of the two following foimuloe 
for sinapic acid 


CH ,0— CH=CH— COOH 

CH 3 O-/ 

or 

CH=CH— coon 

HO-s^ 

CH 30 -k 

V 

OCH, 


OH 

I 


II 


To determine which of these represents the acid, Gadamcr 
prepared its acetyl derivative and oxidized tins with potassium 
permanganate 

On saponifying the oxidation-product he obtained a dimethyl- 
gallic acid which proved to be identical with synngaic acid 
(melting-point 202°), whose constitution had already been shown 
by Koerner® to be 

CHgO— COOH 

Ho-y 

OCUg 

Consequently the constitution of sinapic acid is expressed by 
formula I. 

This constitution has been recently confirmed by the synthesis 
of sinapic acid fiom the dimethyl ether of pyrogalloL^ By the 
action of chloiotorm and caustic soda on the latter (leaction of 
Reimer-Tiemann) it is converted into synngaic aldehyde If this 
aldehyde is now condensed with sodium acetate and acetic anhy- 
dride, sinapic acid is formed The course of the reaction may 
be formulated as follows 



Dimethyl ether Synnpaic aldehyde Sinapic acid 

ot pyropallol 


'’Kociner, G 18, 209 

’(inube and Marl/, B 36, 215, 1031 
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Now, smapme is the product repiesenting the union of sinapic 
J and choline with the elimination of one molecule of water; 
IS, furthermore, a quaternary base. Its constitution must, 
refore, be expiessed by the following formula* 

H30?,/C»H-CH=CH-CO-0-CH,— 

Smapme 


2. SlNALBIN. 

Sinalbin was discovered in white mustard by Will and Lauben- 
mer in 1879. It crystallizes fiorn dilute alcohol in piismatic 
=dles which contain five molecules of water of crystallization 
d which melt at 83-84°, in the anhydrous condition it melts 
139-140° It IS little soluble in water and cold alcohol, insoluble 
ether Its aqueous solutions react alkaline, taste very bitter, 
d are Icevorotatoiy Alkalies color them a deep yellow 
Smalbin is a glucoside, it is leadily decomposed by different 
!ints, paiticulaily by myrosin^ a ferment which is found m 
‘ mustard-seed Smalbin is thus decomposed into dextrose, 
lapine sulphate, and a substance, C8H7NSO, which proves to 
smalbin muslard~oil 

^20^42^2320 15 4- H2O — ^ 

Smalbin 

C„H„Oe + C,eH2,NO, HSO^ + CjH^NSO. 

Dextrose Smapme bisulphate Smalbin 

mustard-oil 


This decomposition of smalbin under the action of myrosm 
effected by simply allowing powdered mustard-seeds to stand 
contact with water. 

The derivative, CgH^NSO, is a yellow oil possessing a very 
arp taste and acting upon the skin as a strong irritant. It 
almost insoluble in water, but dissolves readily in alcohol, 
her, and m alkalies. 
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Its constitution was pointed out by Salkowski.® This in- 
vestigator found that the derivative was identical with p-oxy- 

henzyl isos'ulphocyanafe, which he obtained 

by treating ^-oxybenzylamine with carbon bisulphide. 

With meicuric chloride or sulphate or silver nitrate, sinalbm 
forms white piecipltales. When these are treated with hydrogen 
sulphide a decomposition ensues which resembles that resulting 
from the action of myrosm on sinalbin 


QoHioNaSaOis + HgO — 

Sinalbm 

CoH,20o + C,„H2,N05 hso, + c,h,no+s. 

Dextrose Sinapme bisulpliate 

The body, CgH^NO (melting-point 69°), yields on saponifica- 
tion ammonia and p-oxy phcnylacctic acid, CgHgOa It is accord- 
ingly the nitrile of the latter acid 

p„/CH~CN(i) 

From these considerations the following constitution has been 
assigned to sinalbm* 


yO— SO 2 — O— N(CH3)3— CHj— CHj— O— CO— Cn=CH--C8H2(OCH3)20H 
C^S-C„H „03 

CH^— CflH,— OH 
(i) (4) 


®Salkowski, B 22, 2137 
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Like the bases of the choline group trimcthylaminc docs not 
appear to be a product of assimilation m the vital processes of 
the plant, but results lathei fiom the decomposition of more 
complex substances, such as the lecithins and choline 

Trimcthylamine has been obscivcd in a large numbei ol 
plants It was discoveied in the leaves of Cheno podiimi vulvana 
L (family of the Chenopocliaccie) by Dcssaigncs ^ m 1S51 Later 
It was found m the blossoms ot Ike hawLhoin, mountain-ash, 
wild-brier, and pear-tree, m the seed of the becch-tiee, in Arnica 
moniana L., in Mercuriahs annua^ in eigot, in the toadstool, 
m beet-root, etc 

It is obtained from these plants by simply distilling them with 
water and alkali One might possibly infer that the liimethyl- 
amine is formed dining this process horn the immediate decom- 
position of inoie complex basic dciivaLivos This, however, 
IS not the case, from investigations ot Wickc tiimcthylamine 
IS shown to be piesent as such in the plant 

The same year in which tnmelhylamine was discovered 
it was synthesized by Hofmann by the action of methyl iodide 
on ammonia 

Tnmethylamine is a strong base (boiling-point 3 5°). It 
dissolves m water, alcohol, and ether in all proportions, and 
possesses a disagreeable fish-like odor 


^ Dcsbaignes, C r 33, 35S, 43, 670 
^Wicke, \ 91, 121, 124, 338 
® Hofmann, A 79, it, 83, ri6 
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Alkylamines other than trimethylamine are seldom met with 
in plants 

Dmielhylamine has been noted in decayed mushrooms, 
meihylaminc m the molasses of the sugar-beet and m Mercurialis 
anmiQf ^ eLhylamine has been found in spoiled wheaten flour, 
and propylamine has been detected in ergot.® 


* Sell mi dl, A I 93 > 73 
®Wenzell, J 1864, 14. 



CHAPTER XXXIX. 

ALKALOIDS OF UNKNOWN CONSTITUTION 

Of the icmaining alkaloids whose cm[)incal foimula may 
regarded as fanly well established, but whose constitution is 
yet unknown, we shall mention the following 

1. Stachydnne, C7Hi.5NOu-i-H^O — In the tubeiclcs ot Slacliy^ 
benjera Bunge (LabiaUe), in the leaves of Cilnis Au}a}i/iiifn 

Deliquescent ciystals, quite soluble in watei Melting-i){)int 
0° Contains a carbo\yl and two /Mnctliyls Is decomposed 
very conccntiatcd alkali, dimethylainine being evolved 

2. Alkaloids from the Leaves of Ephaha vulginis Rich 
‘onifeue) 

Ephcdrincj CioHi'>NO. Crystals, boils without (lccom])osiLi(>n 
255° A sccondaiy base When heated with gold chloiide in 
[ucous solution it yields mcthylainine and ben/aldehyde I'hoin 
fyhedra monosLachia an alkaloid, C,.,H,i)NO, has been isolated, 
nch also bears the n<imc cphcdiine, this foims crystals melt- 
g at 112° 

Psciidocphcdrinc, C,J-Iir,NO Ciystals, melting at 
secondaiy base, bittci in taste Contains a hydunyl On 
idation with pc^tasMum pcimanganate yields ben/.oic .u id 
lie action of concentrated hydiochloiic acid al 180^^ gives !is(‘ 
methylamiDc and an oil, which on OMdation is conveited into 
nzoic acid 

3. Daraascenme, CJii.NO,— In the seeds of Nitrclla Damns 
na L (RanuncLilacece) Pi isms Melting-iioint 27° Boil- 
g-ponit 168° Contains two metlioxyl gioups Its salts 
loiesce 

4. Jambosme, C,oHi,NO,— In the baik of Myrim Jamho^a 
lyrtacccT) Crystals, melting at 77°, soluble in alkalies 

4S6 
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5. Alkaloids from Cacti. — In different species of the genus 
Anhalonium (family of the Cactaceae) are found the following 
alkaloids, which m the plant aie in combination, with malic acid 

a. Afihalinc, C,yH,7N02 Piisms Melting-point 115® 

h Mczcalnic, Ci,Hi7NOj Needles, melting at 151°, soluble 
in water Contains thiee methoxyls and a '//.-methyl A stiong 
teitjaiy base 

c Anhaloniduiej Ci^HisNOg Needles, melting at t6o°, 
teadily soluble m water Contains two methoxyls, but neither 
hydioxyl nor n methyl Inactive. Its salts aie dextrorotatory 

d Anhaloiwic^ Ci2?Ii5NOj. Secondary base Needles Melt- 
ing-point 85° Boils without decomposition Contains a methoxyl 
but no hydioxyl Its salts arc Levorotatoiy. 

c Lophophonne, C13H17NO, An oil. Inactive Contains a 
methoxyl but no ?/.-mcthyl Veiy poisonous. 

/ Pclloline, Ci^HiyNO, Plates, melting at 110°, insoluble 
m watei, soluble in organic solvents A tertiary base Acts as 
a narcotic Contains a hydioxyl, a /^-methyl, and two methox3ds. 
On distillation over zinc dust or soda-lime yields trimethylamine 

6. Carpaine, CnH^sNO, — In the leaves of Canca Papaya L 
(Passilloraccte) Rhombic prisms, melting at 121° May be 
sublimed Insoluble in alkalies A secondary base, dcxtio- 
lolatory Contains a h}''droxyl 

7. Chrysanthemme, CnH^sN.Og. — In the blossoms of Chrys- 
anlhcmnm cincraYm]olium V is (ComposiUe) Deliquescent 
needles Diacid base Inactive. Contains one h3^clioxyl and 
one NH gioup On distillation over soda-liinc, trimethylamine 
and a pyiidine base are formed Oxidation gives use to tii- 
methylaminc and succinic acid. Heated with caustic potash 
chrysanthemme is decomposed into trimethylamine, ^'-oxybuty iic 
acid and an acid, CgHioN — COOH {pi pcndinc caibox^ylic acid), 
heated with concentrated hydriodic acid it yields alkyl iodides 
and a methylpiperidine caiboxylic acid Undei the action of 
superheated steam piperidine derivatives arc also formed 

8. Caffearine, Ci^tljuN^O, — In coflee {Cofjea arahica L., 
family of the Rubiacese) Deliquescent needles, very soluble m 
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water. Melting-point 140'^. Monacid base, inactive In physio- 
logical action, a narcotic. 

9. Eserine (pliysosUgmine), Ci^HjiNgOa — In Calabar beans, 
the seed of Physostigmavenenosiim Balf. (Leguminos^e). Prisms. 
IMelling-point 105-106°. Tertiary, monacid base, in reaction 
alkaline Lsevorotatory Extremely poisonous. Causes contrac- 
tion of the pupil Contains a hydroxyl and two ;i-methyls 
When boiled with potassium hydroxide or distilled over zinc- 
dust >ields methylamine. 

10. Matrme, CisH^^NaO — In the root of Sopliora angusti- 
jolia Sieb, (Leguminosce). Melting-point 80° Dextrorotaloiy. 
Readily soluble in water 

11. Piliganine, CJ5H21N2O — In Lycopodium Samurus Lam 
(Lycopodiaceie) Needles, melting at 64-65°, readily soluble in 
watei Very poisonous Acts as a purgative and an emetic 

12. Piperovatme, CigHsiNOs — In Pi pci ovalum Vahl (Piper- 
acere) Needles, melting at 123° A very weak base, inactive, 
neutral in reaction. When heated with water to 160° yields a 
pyridine base 

13 Paricme, CigHiyNjO — In the bark of Cinchona suc- 
cirubra Pav (Rubiaccte), which contains furthermore the prin- 
cipal cinchona alkaloids A yellow, amorphous powder. Melt- 
ing-point 130° A monacid base, inactive 

14 Ricinme, C17H18N4OJ — In the seed of Ricinns communis 
L (Euphorbiaceic). Plates, melting at 194°. Neutral reaction 
Inactive Is decomposed by alkali into methyl alcohol and an 
acid, CisHj^NiO, 

IS. Bebeerine {pdosine), CigHsiNOg.— In the bark of Nec- 
(andra Rodim Schomb , of Hernandia sonora L (Lauracece), 
and of Cissainpelos Pare^ra L. (Menispcrmaceae) Amorphous 
powder, soluble in alkahes, knevorotatoiy Melting-pomt 180° 
A tertiary base. Contains a methoxyl, a w-methyl, and a hydroxyl, 
but no carboxyl. On distillation with caustic potash yields 
methylamine and pyrrol; with zinc-dust, f?-crcsol and methyl- 
amine Nitric acid gives rise to nitro-dcnvatives. Possesses 
febrifugal properties 



ALAKLOIDS OF UNKNOfVN CONSTITUTION 


489 


Bi{\nic\ \\hich is obLiiricd from the bark of 

Bkxus sou povDoiis L. (Eu[)horl)iaccre), and which was supposed 
to bo idenlical with bebcciine, appeals to be a distinct alkaloid 

16. Senecionine, Ci„H^»„NO„ — In gioundscl {Soircio vulgaris 
L , Com[j()silii‘) Ciystallino, lavoic^latoiy 

17 Nuphanne, CiJ-r,,NjO^ — In the ihi/.ome of the water- 
lily (Nuliliar liilcuui Sibth , Nym[)h<eacecL') Ainoiplious, in- 
acti\ e 

18. Alkaloids from the Bark of Gciwos pcnuitui VcUosn 
Alleni (Apocynacea*) — This baik has been employed as a feb- 
iilLi.i»e 

a Pr}Cinm\ Cn,Ik,N/^ Amoiphous, monacid base. Alelt- 
iiiLi; 1 >oiiU 1 2 \° 

b Cl issosjHi mi}H\ C,,)lL,Nj( 3 j l-ll/) Piisms, molLiiig at 
iMonacid base, l.evoioLatoiy 

( C.jlk^NjO, Plales, meltmpj at 189° Monacid, 

teiliaiy base, dextjoiotatoiy, veiy poisonous Contains two 
methowls 

19. Alkaloids from Angustura Bark {Galij)C(i Cusparia Rut , 
RuLaec'aO —This jjaik is also employed as a lebiiluge It con- 
tains in the liee (ondition the following foui tcitiaiy baseis, which 
arc all ei^sialhne 

a Cu^pdfinCj Cj„lIi„NO| Melling-point 92° Is dcconi- 
])()se(l by eaiisLic potash into an aiomatie acid anel a basic body. 

b. CiisjHu idnu\ Cij)II,7NO_, Melting-point 79° 

6 Calipnic, Melting-|joint 115"^ 

d Gidipidinr, CiJliuNO, Melting-point iro° 

20. Achilleine, CjoH,nNjOir, hi Ardnllca Millcjolium L 
and A uiostliala Jaccj (’Coni|)os!tie) Arnoifilious mass of red- 
dish-biown coloi, deli([iiescent, soluble in watei with a yellow 
coloi When boiled with dilute suliduuic acid, is dccomiiosed 
into a sugai, ammonia, a volatile aiomatic substance, and an 
amoiphous base, aclidlctini\ C,,Hi7N'0,. 

21. Alkaloids of the Celandine. — The following Papavci accm — 
celandine {Chdidonniui viajits L ), Songumnna canadensis L., 
Stylophorim diapJiylliiui Nutt , Bocconia jnUcsccns Wild., and 



the HEGETHBLE ALK/ILOIDS 

Uatlcya coidala R Bi — conUin in addition to piotopinc ffiage 
2Q4) the following si\ alkaloids, which in the plant aie in toin- 
b, nation with the acids— malic, succinic, ciliic, and chclidonic 

(page 2i) 

a Chdidomnc, C,„H,,,N 0 ,,+H ,0 Plates oi iiccclK mell- 
,n<T 'll Teitiaiv base Coloilcss sails Oxidation 

With potassium permanganate gives use to oxalic acid and 
meth\lamine Contains a hyrlioxyl, a '//-methyl, but no methoxyl 
group Is dcUioiotatoiy 

b Chclcyythrnic, C.iHi^NO, Ci\'stals, nulling at 2of lls 
salts aie yellow and exhibit a violet lluoicscenLe Ikiining h> 
the taste, inhaled in powdered loim [/KJNokes snee/ing Jiv 
acti\e Contains two methoxyls 

L Snnguniaunc, C,oHir,NO, -l-H/D Needh's, melting al 

21'f Red salts wath violet fliioiesccnce Shai[) taste lh()\okes 
sneezing Inactive Contains one methoxN'l 

d a-Homothdidonmc, C,iH,iNOr, Me Itmg-poml [cS2° 

e P-Homoclirlidoiiinrj CJ,I-L^NOr, Mehmg-pomt \ 

I j-Hoinochchdonnic, C^iHiiNOf, Melting j/oinL 

The last three alkaloids aie ciy^tallme and contain two 
methoxyls 

Some of the alkaloids mcntioncrl abo\c aie jound m olhea- 
])lants than in those named, as in Adlnntia Cinhosa Ral (khnna- 
iiacece) and in Escli^cliollzia calijoniica 

22. Fumarme, C^iHujNO, —In jP///;//7/7/j ofjicinaln I. (I'lima- 
iiacete) Pi isms, melting al 190° Optically active 

23 Rhoeadme, C.iHotNO,; — In tlu' pf>p|)y {Pajmvc} Rh(va\ 
L, Papavciacea^) Piisms Melting-point 232° Weak base. 
Sublimes in an atmosphere of caibon dioxide 

24 Artanne, C^J-r.^NOj — In the baik of \aulho\yluni 
Scncgalcnse DC (Rulaceie) Amoiphous powMci of giayish- 
led coloi , melts with decomposition at 2^0° Yellow salts 

25 Abrotme, CsiIR^NaO —In Ailcmnia Ahyolaniim L (Com- 
positce) Needles, leadily solulde in hot watei, the solution shc/ws 
a blue fluoiescence Diacid base 

26 Alkaloids of the Quebracho Barks. — The baik of 1 s'/;/- 
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/Jospcniiii Qiii'h}(t( ho Schlcchl (ApocMiacciu) is used as a fcbri- 
UcoiUtuns the following si\ alkaloids iii combination with 

liinmc .Kid 

d (Jneiodi hniCj Needles, melting at 214-216°, 

de\lioiotaloi3S insoluble in wain 

h lJylHHiiicb}ii(linic\ Cjiir,„NX)j A yellow, timoiphous mass, 
melting neai So° 

I ijiichidihaninir faMllcls Melting-point 1 ^2° 
d I sp/dospn mnw, C\dT,„N/)^ Piisms MelLing-j)oinL 205- 
206° Veiy ue.ik b.ise, kevoioliitoiy , neiilnd in leaction, soluble 
in w.itei with dilliculty l^oiled with caustic jiotash, is decom- 
posed into pyiidiiu-, ({uinoline, and similtU smelling bases 

e As j)ido\lH} }}iiih)h\ Cb,[rjHN/)_; Needles, somewlnU solu- 
ble in w.iti‘1 Mi'lting-point 162° Lie\ oiolatoi) 

/ [s l)idosd}ni}u\ C\,lfj„NX)^ Idot c uk'iit piec i[Jil«ile Melt- 
ing jioinl IK. 11 100° 

'I'lu balk ol OIK* iKv of (lu‘ gcMUis As pidos IxTUiu conlams 
jhwtnn, (kjl ) I 1 [j( ) ([iiisms, mellmg (loint 156°, kevo- 
lolatoi^), and juivlaniinr, Cb,II.,N,() ('amoiphous) 

'Pill balk oi Qiicbnuho (olonido (J.osoldo yy^ium JauchIui, 

( b u sebai li, Ana( <iidiac(‘a‘) contains as active piinci])al, Lovop- 
Irivyynr, C\,„l 1 ,,N^.(). Ameujihous, melts at 8r°, is decom- 
posed at liighei Icaiipc latiiii's, giving appaiently ciuinolmc 
All lh(‘se alkaloids <iie monacid bases 

27 Alkaloids of the Alsloma Barks (Apoc ynacetc) — These 
balks an \alii(‘d loi then iebiifugal piopnlies Alsloma ron- 
shiilii Miiell contains' 

a [Islounic {Chloroycnnic), I A brown, 

amoiphoiis mass, soluble in water Melts 111 the anhydrous 
condition .it .rboiit 

b J'of l>livniii\ C\,II .f.NjO. Melling-pcant 97° 

Th(‘ solutions of both thc'se alkaloids show <\ blue fluoicsccncc. 
Alsloma sj)((ldb/lis R Hi and /I sdiolans R Bi contain, 
c J)iI(nmnc,CJ\^u^(), Amoiphous powdei Melt mg- point 

75 ° 

d Jubiluuiihc {di(ninc), CJI^sN-O^ I- tll >0 Pusms, melting 
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With decomposUion at 206°, leaclily st>lublc in watci Licvo- 
rolatoiy Stiongly basic, possibly a qualcrnaiy base 

c E<hitcninc\ A brown, amuiphous substance 

All tlicse alkaloids arc monacid bases 

28. Hymenodictme, CjjH,oNo — In the baik ot H ymcuoditiyou 
excvhuui Wall (Rubiacete) Needles, melting at 66° Due id 
and biteitiaiy base 

29. Anbme, -f 8H_jO. — In the baik ot Anuiba 

ritlna Wart (Rubiacete) Prisms Mcllmg-poinl ol the anhy- 
drous base 229°. Sublimes without decom^iosition. A stiong 
base, inactive, diacid, and biteitiaiy 

30. Yohimbine, C23H-,jN_,Oj — In the bark and lca\es of the 
YoJumhe- or YunibchoaArtt ('Rubiacctc). White needles IMi'lt- 
ing-point 234° Dextroiolatoiy Monacid, teitiaiy base Con- 
tains a hydioxyl (acetyl derivative) and a methoxyl Is the 
methyl ester of a carboxylic acid Oxidation with potassium 
chlorate gives rise to foimic acid, with potassium pcimanganatc, 
to yohimbic acid, CsoH^jNoOo, and voryohymbit acid, C,j,I-DoN,07 
Phenylhydrazine is without action 

The salts of yohimbine are formed with the elimination of a 
molecule of water. 

With yohimbine is found a second alkaloid, yokimbcnmc, 

31 Conessine {Wnglihnc), —Contained as tnnnate 

in the bark and seeds ot Wtighlia anhdysevto ita R. Ri of 
Holauhma aj/icaiia DC , and of H antidyscntcriui Wall 
(Apocynaceoe) Needles, melUng at 122°, may be sublimed 
Diacid and bitertiary base 

32. Alkaloids from the Seeds of the Stavesacre (Del plnniiii}! 
Slaphisagiia L , Raminciilacetc) 

Dclplunuie, C^.Hj.NOo Plates Melting-poml 120° Inac- 
tive Very poisonous, m physiological action resembles vera- 
trine and aconitine A weak base 

Delphinoidine, Cj^HjoNO, Amorphous Melting-point iio- 
1 20° Inactive 

Delphisine, Ciystals, melting at 189° 
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S/ii j)lnsiii^f f}n\ C\JInNO, Anioiphous Mclting-point ncai 
()c/’ InattiM 

33 Alkaloids from the Root of the Yellow Jasmine (Giisc- 
niiinH \t})i/n}vi}r}}\ IVi^ , A[)()( ynac oiv) 

Gthtuinn', C\, 1 L.^N^(), Ciyst.ils, melting at 45°, soluble m 
alkalu‘^ Sliong, inoiiacul l)ast‘, veiy jioibonous 

(ii l\rnii>init\ ("lystalli/cs MclUng-point 172° 

Monaiitl, UilKiiy biist, si)liil)lr in tilLalus Contains no nicthoxyl 
group 

34 Paucine, Cbyll ,.,Nr,t ), I --In I\iiico-nuts, the fiiiit 

of J\ iil(Ul{ilini nidi } opliyl/d benlh (Leguminos.e) Yellow 
halliN, nulling .il i ’h”, soluble in waten <Ln(l alkalies Diaeid 
base Is (K i oni]iost (1 bv ( one enti ati'd hydiochlonc acid 01 
(aiislu soda inlt) <bnielh\laniine <ind pyiidine l)ases 

35. Erythiophleine, (\hI 1 ,,N( >7 01 — In the root 

ol J%i yllnnjilild inn iinnn ii\c I low (Leguininosa‘) Cb ystc,tlbni‘, 
VI i\ poisonous, jnodiuing dl(‘(ls siniilai to those lesulting fioni 
ihe ailion of digilaliii Is dt‘(ompusid by t onctml lated hydio- 
(hloiu arid into inelhylain iiu* tind an acid, C 7 ytlnoplilnc acid, 

36 Alkaloids from the Seeds of Viaa ^aLlva 1. and V icui 
luiiui ninioi I Legunnnosad 

Vnnu, ki 01 ((^llr.N ,(),)) Is found in bc'et-ioot 

Netdh’s, soluble in diliile alkali Uoiling with dilute suljihunc 
at id ellitls di‘t omposiiion into ainnioma, a siigai, and the so- 
(alKd divnnu' Idisioii with causiu ])olash gives rise to ammonia 
aiul potassium ( vanid(‘ 

C'onvninr, C\„l 1 if,N ,< )7 I II.O Leallets by the action ol 
minei il at uls alloNanlin is loi med 

37 Emetine, 01 C,„I f ,, 1 ^, 0 , —In the root of the 

ipetacuanha (( V/>//r/r//s f /n ( lU tninlid Wild, Rubiaccie) Amor- 
pht.us powdei Melting-point 70° Acts as .in einclic Di.lckI, 
I)ili‘!tiai\ b.ise, oj)ticallv inactive Contains a h}dro\yl and 
four rnethowls Is dc c ()mpt>st.(l by caustic jiotash into ammonia 
and c[uniolnu‘ bases 

With I nit'liiu aiiparenlly occur two other alkaloids, cephaelnir, 
('' FI VO nud hsv( holt me 
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38. Lycopodine, C32H52N2O3 — In Lycopodium compJauiitiim 
(Lycopodiaceie) Piisms, melting at 11 1-115° Diiitid base. 

39. Imperialine, — In the bulbs ol FnliJlana 

'pcnalis I.. (Liliacere) Needles, melting at 25^^ Ltevoro- 
Lory 

40. Ergotmine (ecboliiie), — In cigot. Piisms, 

Uiblc in excess of alkali In aqaeous solution gives a violet 
lorescence A weak, monacid base, dextiorotator} Acts as a 
moslatic 

41 Taxine, — In the seed and leaves of the 

\v (ToMis battala L, Conilerte) Amorphous powdei JNTelt- 
g-pomt 82° Tcitiaiy base. Naicotic 

42 Solanine, C^JiysNOis 01 C,i2H7^NOi2 — In the berries of 
e common nightshade iSoIannm mgnim L , Solanace:c), in the 
Dody nightshade (.S Dulcamara L ), in tlie young shoots of the 
)talo (5 lubeioyum L) Lustrous needles, mcUing at 235°. 
very weak base, somewhat poisonous. Contains no metho\\l, 
it SIX hydroxyls. Hydrolysis with dilute acids gives rise to 
gars and solanidiiic, CnH^iNO^ 

Solanidine is also found with solamne in the plant Solaninc 
ordinarily obtained is probably a mixture ol both these alka- 
ids. . . 
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8vo, 

5 

oo 

Millie 1 lliatnl states Piildic Works 

! hloiiK 4to, 

S 

oo 

Moi/f v’n Stn npih ol IVT ili nal * and I'lieory of StniLtnros 

8vo, 

7 

50 

Muir'i 1 la dll ity and Ri iit.uici of the Mil. ti rials of Rii{;lat>erini; 

6 th Pdi-* 



tiini, Ml Vi ritten 

8vo, 

7 

SO 

Myrni 'ti II p hwoiy ('onstnu tlon 

8vo 

S 

00 

In 4)1 ( turn Ilf the Mali mils and Worinnanuliip Finplnynd in Constnii lion 




rrnno. 


oo 

Chun h'ri Mei ]i inli s of I npiiu erinp' 

8 VO, 

6 

oo 

Du n.jii't, Mnlmniis of I'lif inocruu]; Vol I 

Small 4 to, 

7 

50 

fohinon’i Mall nil Li of (onutriution 

Laryo Hvo, 

6 

00 

Keep’s C i d Iron 

8vo, 

2 

50 

I an/ii'ji Applud Muhjinic ‘1 

8vo, 

7 

50 

MartiMin'ii lliindhook on IV ithir Miitnnnis flXonniiie: ) 2 vol» 

Hvo, 

7 

50 

Mftfrlll'» Stones for Mnddnif; and Ducorutioa 

8vo, 

S 

00 

Merriaian’s lext-hook on iMe Morhanics of Mutorlula 

8vo, 

4 

oo 

Sin luMh of Materials 

I 21110, 

X 

00 

Metcalf’s Steel A Manunl for Stoel-UKers 

i 2 mo, 

2 

oo 

Patton’s I>rfii rlral TrentiBC on rDuridntions 

8vo, 

5 

oo 

Rockwell’s Roadn and Paveincnta in Franco 

i 2 ino, 

1 

25 

Smith's MutenalH of Macliinos , 

i 2 mo, 

I 

00 

Snow’s Prim ipul Species of Wood 

8vo, 

3 

so 

SpahliTiK's Hydraulic Cement 

i 2 mo, 

2 

oo 

Text-book on Roads and Pavements 

i 2 mo, 

a 

oo 
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lurston’s Materials of Engineering. 3 Parts 8vo, 8 00 

Pan J T^on-metallic Materials of Engineering and Metallurgy 8vo, 2 00 
Part 11 — Iron and Steel 8vn, 3 50 

Pari 111 — A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo 2 50 

hurslon’s Text-book of the Materials of Construction 8vo, 5 00 

illson’s Street Paveoaents and Paving Materials 8vo, 4 00 

/addell’a De Pontibus (A Pocket-book for Bridge Engineers ) i6mo,mor, 3 00 
Specifications for Steel Bridges i2n3o, i 25 

Vood’s Treatise on the Resistance of Materials, and an Appendix on the Pres 

ervation of T imber . 8vo, 2 00 

Elements of Analytical Mechanics 8vo, 3 00 

Vood’s Rustless Coatings {Shoillij ) 


RAILWAY ENGINEERING. 


indrcws's Handbook for Street Railway Engineers 3X5 inches morocco, 
lerg’s Buildings and Structures of American Railroads 4to, 

Irooks’s Handbook of Street Railroad Location i6mo morocco 

tutts's Civil Engineer’s Field-book r6mo, morocco, 

JraudaM’s Transition Curve i6mo, nioroccu, 

Railway and Other Earthwork Tables 8vo, 

Dawson’s “Engineering” and Electric Traction Pocket-book i6mo, morocco, 
dredge's History of the Pennsylvania Railroad (1870) Paper, 

’ Drinker’s lunneling. Explosive Compounds, and Rock Drills, 4to, half mor , 
fisher’s Table of Cubic Yards Cardboard 

Godwin’s Railroad Engineers* Field-book and Explorers’ Guide lOmo, mor , 
Joward's Transition Curve Field-book ibruo, nioroccd 

GLudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
banknaents S\,o 

Mohtor and Beard’s Manual for Resident Engineers i6mo 

iVagle's Field Manual for Railroad Engineers 3 6mn, morocco 

Philbnck’s Field Manual for Engineers i6mo, morocco, 

‘’ratt and Alden’s Street-railway Road-bed 8vo, 

searles’s Field Engineering ifimo, morocco, 

Railroad Spiral i6mo, morocco, 

Taylor’s Pnsmoidal Formultie and Earthwork 8vo, 

► Trautwine'b Method of Calculating the Cubic Contents of Excavations and 
Embankments by the Aid of Diagrams 8vo, 

The Field Practice of , Laying Out Circular Curves for Railroads 

1 2mo, morocco, 

Cross-setlinn Sheet Paper, 

Webb’s Railroad Construction 2d Edition, Rewritten iTimn morocco, 


1 25 

S 00 

1 50 

2 50 
t 50 
I 50 
5 00 
5 00 


25 00 

25 
, 2 50 
I 50 


Wellington’s Economic Theory of the Location of Railways 


Small 8v 0, 


3 00 
3 00 

2 00 

3 00 

1 SO 
a so 

2 00 

2 50 

25 

S 00 
5 00 


DRAWING. 


Barr's Kinematics of Machinery 

8vo. 

2 50 

*• Bartlett’s Mechanical Drawing 

Svo, 

3 00 

* “ ' “ Abridged Ed 

8 VO, 

I SO 

Coolidge’s Manual of Drawing 

Svo, paper, 

I 00 

Durlev's Kinematics of Machines 

Svo, 

4 00 

Hill’s Text-book on Shades and Shadows, and Perspective 

Svo, 

2 00 

Jones’s Machine Design 



Part r — Kinematics of Machinery 

Svo, 

r 50 

Part TI, — Form, Strength, and Proportions of Parts 

Svo 

3 00 


8 



8vo, 

Svo, 

^to, 

8vo, 

8vo, 

8vo, 

4to, 

8 VO, 


MacLoril', I U inciUs of Descriptive GLomciry 
Kiik iimtic or. Practical Mechanism 
MiLliatiical Drawing 
V< liicity UiiirraniH 

* Mahan's Di ^nplivt Ccanieiry and Slone-r nttiiig 
linlii‘tnal Drawing ('lhompt.on ) 

Uriii’s Inpia-raphiml Drawing and Sltcichinp 
Reid'h t nurse in Mecluinicnl Drawing 

lot hook of Mechanical Drawing and Elementary Machine Design 8vo 
Roliiiinni'a DriiuiplcH of Mechanism 8vo, 

Sinith'tJ Manual (»l 1 opopraphicul Drawing (McMillan) Svo', 

Wiirri n a I lenieiits of Plane iind Solid Free-hand Geometrical Drawing i2mo, 
Diiiltnig Jnslninu iits iiiid Operations i2mo, 

Manual ol 1 Icinentiiry Trojcction Drawing lamo! 

Manual of 1 Itnicntnry Problenih in the Linear Perspective of Form and 
shallow 

I'kimi ProhleniB in FUinentary Geometry 
Prniairy Cyionietry 

I k nil iitu of Descriptive Geometry, Shadows, and Perspective 
(m III nil I'lohloma of Shniks and Shadows 
I li'iiunth of Miiihine Construction mid Drawing 
I'lohltnu I licorcniH, 11 lid Examples in Descriptive Geometry 
Wiiihinli' IviiM iiiiitii u and the Power of '1 ransniission 
IJpiii ) 

Wilt Ipli > s Priu 111 a 1 Iimlrui tion in the Art of Letter Engraving 
Will on's, lopographli Surveying 
I ri 1 hand I't ii pi clivc 
\ ici hmiil I I til 1 mg 

Woolf's 1 li ineiiiary C'onrso in Descriptive Geometry 


i2mo, 
T2mo, 
i2mo, 

8 VO, 

8vo, 
8vo, 
8vo, 
\ Hermann and 
8vo, 
12 mo, 
8vo, 
8vo, 
8vo, 
Large 8vo, 


oo 

oo 

oo 

so 

50 

50 

oo 


oo 

50 

oo 

25 

50 

oo 

25 

75 

50 

oo 

50 

SO 


S oo 

2 oo 
1 50 
2 50 
T 00 

3 oo 


ELKCTRICITY AND PHYSICS. 

Aiilhniiy and IhuiktlL's text-hook of Piiysics (Magie ) Small 8vo 

Anilmii\’!, I 1 1 lure-noil a on the Theory of Electrical Measurements 12010, 
llenpimurH History of Electricity 

Volliil. Cell 8vo,' 

CliiKfii n’b Oiiaiitilativo Clmmital Analysis by Electrolysis (Boltwood ) 8vo, 
t rcluirc and Siiuier’H Pulaxiiting Pliolo-chronograpli 8vo 

DawMiii’u '‘Lniniieerinp" and Electric Traction Pocket-book rOmo, morocco. 
Doliwulek’u lliiory of the Load Accumulator (Storage Battery ) 

(>shui ih/ ) (Von Elide ) 

Duhem'b J In rniodyiiiLiiuch and Clicnubtry (Burgess ) 
i'Utliri'n Dvnnmomclers, anil the Meaeurcmicnt of Power 
OiUiert's Di MiHMietc (Mottelay ) 

Hnnchctt'a Alttriialing Currcnls Explained 
Ilolmiin'sj Pn i o.ion of Menburements 

liilescopu Mirror-sciilo Method, Adjustments, and Tests 
i Himiiuer's Speclium Analybis (tingle ) 

I e Chatehur’b Hirh-temperature Measurements (Boudouard — Burgess )r2mo 
I IJb'a 1 IcctrolyBlb and ElcctroKynthesis of Organic Compounds (Lorenz ) i2mo, 

• Lyoiib's'^lrealiHC on LleclromagncticPhenomena Vols I, and IT 8vo, each, 

• Mlchie I'Tcmonlfl of Wave Motion Relating to Sound and Light 8vo, 

Niaudet’s I lenientary Treatise on Electric Batteries (Fishnnek ) i2nio, 

• Parshall and Hobart’s lileclnc Generators Small 4to half morocco, 

• Uosenberg's I lectrlcal Engineering (Haldane Gee — Kinzbrunner ) 8vo, 

Ryan, Norris, and Iloxie'a Eioctneal Machinery Vol I 8vo, 

Thurston's Stationary Steam-engines . 8vo, 

• TiUman's Elementary Lessons in Heat, 8vo, 

0 


8vo, 
12010, 
8vo, 
121110, 
8vo, 
Large 8vo, 
8vo, 


5 00 


4 00 
3 00 
2 50 

1 00 

2 00 
75 

3 00 
3 00 
1 00 

00 

00 


6 
4 

2 SO 
10 00 

1 50 

2 So 
2 so 
r SO 



Tory and Pitcher’s Manual ot Laboratory Physics 

Small Svo, 

2 oo 

Ulke’s Modern Electrolytic Copper Refining 

Svo, 

3 oo 

LAW 



* Davis’s Elements of Law 

Svo, 

2 50 

• Treatise on the Military Law of United States 

Svo, 

7 oo 

* 

Sheep, 

7 50 

Manual tor Courts-martial 

i6mo, morocco. 

I 50 

Wait’s Engineering and Architectural Jurisprudence 

Svo, 

ty oo 


Sheep, 

6 so 

Law of Operations Preliminary to Construction m Engineering and Archi- 


lecture 

Svo, 

5 oo 


Sheep, 

S 50 

Law of Contracts 

Svo, 

3 oo 

Winthrop’s Abridgment of Military Law 

T amo. 

2 50 

MAriUFACTURES 



Bernadou’s Smokeless Powder— Nitro-cellulose and Theory of the Cellulose 


Molecule 

larao, 

2 50 

Bolland's Iron Founder 

Tznio, 

2 50 

"The Iron Founder," Supplement 

i 2 mo, 

2 50 

Encyclopedia of Founding and Dictionary of Foundry Terms Used in the 


Practice of Moulding 

1 2 mo, 

3 oo 

Eissler’s Modern High Explosives 

Svo, 

4 oo 

Effront’s Enzymes and their Applications (Prescott ) 

Svo, 

3 Oo 

Fitzgerald’s Boston Machinist 

iSrao, 

r oo 

Ford’s Boiler Making for Boiler Makers 

iSmo, 

r oo 

Hopkins’s Oil-chemists’ Handbook 

8\o, 

3 oo 

Keep’s Cast Iron 

Svo, 

2 50 

Leach’s The Inspection and Analysis of Food with Special Reference to Stale 


Control (/n preparation ) 



Metcalf’s Steel A Manual for Steel-users 

1 amo. 

2 oo 

Metcalfe’s Cost of Manufactures — And the Administration 

of Workshops, 


Public and Private 

Svo, 

5 oo 

Meyer’s Modern Locomotive Construction 

4 to, 

ro oo 

• Reisig’s Guide to Piece-dyeing 

Svo, ; 

25 oo 

Smith’s Press-working of Metals 

Svo, 

3 oo 

Spalding's Hydraulic Cement 

i 2 mo. 

2 oo 

Spencer’s Handbook for Chemists of Beet-sugar Houses 

i6mo, morocco. 

3 oo 

Handbook tor bugar Manutaciurers and theu: Chemists 

i6mo. morocco. 

2 oo 

Thurston’s Manual of Steam-boilers, their Designs, Construction and Opera- 


tion 

Svo, 

5 oo 

• Walke's Lectures on Explosives 

Svo, 

4 oo 

West’s American Foundry Practice 

i 2 mo, 

2 so 

Moulder’s Text-book 

i 2 mo, 

2 50 

Wiechmann’s Sugar Analysis 

Small Svo, 

2 50 

Wolff’s Windmill as a Prime Mover 

Svo, 

3 oo 

Woodbury’s Fire Protection of Mills 

Svo, 

2 50 

MATHEMATICS. 



Baker’s ElLptic Functions 

Svo, 

1 50 

* Bass’s Elements of Differential Calculus 

lamo, 

4 oo 

Briggs’s Elements of Plane Analytic Geometry 

lamo, 

T 00 


10 



Cooiptoa’s Maaual of Logarithmic Computations 

i2mo. 

1 

SO 

Davis's introduction to the Logic of Algebra 

8vo, 

1 

SO 

♦ Oicltson’s College Algebra 

Large 1 2mo, 

i 

50 

• Introduction to the Theory of Algebraic Equations 

Large 12 mo. 

I 

25 

BaisiLci's Elements of Geometry 

Svo, 

I 

’’S 

Elementary Synthetic Geometry 

5 vo 

I 

50 

Rational Geometry (Shortly) 

* Johnson’s Three-place Logarithmic Tables Vest-pocket size paper, 


15 


100 copies for 

5 

00 

• Mounted on heavy cardboard, 8 X t*"* inches, 


25 


10 copies for 

2 

00 

elementary Treatise on the Integral Calculus 

Small Svo, 

r 

50 

Curve Tracing in Cartesian Co-ordinates 

izmo, 

1 

00 

Treatise on Ordinary and Partial Differential Equations 

Small Svo, 

3 

50 

Theory of Errors and the Method of Least Squares 

I amo, 

i 

50 

* 1 heoretical Mecbiinics 

i2mo, 

3 

00 

Laplace’s Philosophical Essay on Probabilities CTruscott and Emory ) izmo, 

* Ludlow and Bass Elements of Trigonometry and Logarithmic and Other 

2 

00 

Tables 

Svo 

3 

00 

Trigonometry and Tables published separately 

Each, 

2 

00 

Maurer’s Icchnical Mechanics 

Svo, 

4 

00 

Merrltnin and Woodward’s Higher Mathematics 

Svo, 

5 

00 

Merriiuan’s Method of Least Squares 

Svo, 

2 

00 

Rice and Johnson’s Elementary Treatise on the Differential Calculus Sm , 8vo, 

3 

00 

Diderential and Integral Calculus 2 vols in one 

Gmail Svo 

2 

50 

Wood’s Elements of Co-ordinate Geometry 

Svo, 

2 

00 

Ti igonomeiry Analytical, Plane, and Spherical 

izrao. 

I 

00 

MECHANICAL ENGINEERING. 

MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS 



Baldwin's Steam Heating for Buildings 

i2mo, 

2 

50 

Barr’s Kinematics of Machinery 

Svo, 

2 

50 

* Bartlett’s Mechanical Drawing 

Svo, 

3 

00 

* “ “ “ Abridged Ed 

Svo, 

r 

50 

Benjamin’s Wrinkles and Recipes 

i2mo, 

2 

00 

Carpenter’s Experimental Engineering 

Svo, 

6 

00 

Heating and Ventilating Buildings 

Cary’s Smoke Suppression in Plants using Bituminous Coal 

Svo, 

(In prep- 

4 

00 

nratiori ) 

Clerk’s Gas and Oil Engine 

Small Svo, 

4 

00 

Coolidge’s Manual of Drawing 

Svo, paper, 

1 

00 

Cromv\ ell’s Treatise on Toothed Gearing 

i2ino, 

J 

SO 

Treatise on Belts and PuUeys 

12010, 

1 

50 

Durley’s Kinematics of Machines 

Svo, 

4 

00 

Flather’s Dynamometers and the Measurement of Power 

i2mo, 

3 

00 

Rope Driving 

izrao, 

2 

00 

Gill’s Gas and Fuel Analysis for Engineers 

izmo, 

1 

25 

Hall’s Car Lubrication 

i2mo, 

1 

00 

Hutton’s The Gas Engine 

Svo, 

5 

00 

Jones’s Machine Design 

Part I — ICinematics of Machinery 

Svo, 

I 

50 

Pan 11 — Form, Strength, and Proportions of Parts 

Svo, 

3 

00 

Kent’s Mechanical Engineer’s Pocket-book 

i6mo, morocco. 

5 

00 

Kerr’s Power and Power Transmission 

' Svo, 

2 

00 

MacCord’s Kinematics, or. Practical Mechanism. 

Svo, 

s 

00 

Mechanical Drawing 

4to, 

4 

00 

Velocity Diagrams 

Svo, 

I 

50 
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Mahan’s Industrial Drawing (Thompson ) 8vo, 

Poole's CaloriEc Power of Fuels 

Reid’s Course in Mechanical Drawing 8vo 

Text-book of Mechanical Drawing and Elementary Machine Design 8vo 
Richards’s Compressed Air 

Robinbon s Principles of Mechanism 8vo, 

Smith s Press-working of Metals gvo, 

Thurston’s Treatise on Friction and Lost Work in Machinery and Mill 
Work 8vo. 

Animal as a Machine and Prime Motor, and the Laws of Energetics i arao, 
Warren’s Elements o' Machine Construction and Drawing 8vo. 

Weisbach’s ICinemahcb and the Power of Transmission Herrmnnn — 

K.lein ) 8vo, 

Machinery of Transmission and Governors (Herrmann — Klein ) 8vo 

Hydraul cs and Hydraulic Motors (Du Bois ) 8vo, 

Wolff’s Windmill as a Prime Mover 8vo, 

Wood’s Turbines 8vo 


3 50 
3 00 

2 00 

3 00 
I 50 
3 00 
3 00 

3 00 

1 00 
7 50 

5 no 
5 00 
5 00 
3 00 

2 50 


MATERIALS OF ENGINEERING. 


Bovey’s Strength of Materials and Theory of Structures 

8vo, 

7 50 

Burr’s Elasticity ami Resistance of the Materials of Engineering 

6Lh Edition, 


Reset 

8vo 

7 50 

Church’s Mechanics of Enginoeiing 

8 VO, 

6 00 

Johnson’® Materials of Construction 

Large 8vo, 

6 00 

Keep’s Cast Iron 

8vo, 

2 so 

Lanza’s Applied Mechanics 

8vo, 

7 50 

Martens’s Handbook on Testing Materials (Henning ) 

8vo, 

7 50 

Mernman’s Text-book on the Mechanics of Materials 

8vo, 

4 00 

Strength of Materials 

izmo, 

I 00 

Metcalf’s Steel A Manual for Steel-users 

1 2 mo 

2 00 

Smith's Materials of Machines 

Tzmo 

1 00 

Thurston’s Materials of Engineering 

3 vols , Svo, 

0 

0 

oc 

Part 11 — Don and Steel 

8vo 

3 50 

Part 111 — A Treatise on Brasses, Bronzes, and Other Alloys and llicir 


Constituents 

Svo 

2 50 

Text-book of the Materials of Construction 

Svo, 

S 00 

Wood’s Treatise on the Resistance of Materials and an Appendix on the 


Preservation of Timber 

Svo, 

2 00 

Elements of Analytical Mechanics 

Svo, 

3 oo 


Wood’s Rustless Coatings (/S/iorfZ/y ) 


STEAM-ENGINES AND BOILERS. 


Carnot's Reflections on the Motive Power of Heat (Thurston ) 

12 010, 

1 SO 

Dawson’s ’‘Engineering” and Flectnc Traction Pocket-book 

i6mo, mor , 

5 00 

Ford’s Boiler Making for Boiler Makers 

i8mo, 

j 00 

Goss’s Locomotive Sparks 

Svo 

2 00 

Hemenway’s Indicator Practice and Steam-engme Economy 

ixrao. 

2 00 

Hutton’«i Mechanical Engineering of Power Plants 

Svo 

5 00 

Heat and Beat-engines 

Svo 

S 00 

Kent’s Steam-bo'ler Economy 

Svo, 

4 00 

Kneass’s Practice and Theory of the Injector 

Svo 

I 50 

MacCord's Shde-valves 

Svo, 

2 00 

Meyer’s Modern Locomotive Construction 

4to, 

10 00 
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Peiiboily’s Maniinl of the StLani-engine Indicator i 2 nio, 

Iiihles of Liu Projitrlies of Saturated Steam and Other Vapors Svo, 

1 lierniodynaniicb uf the Sttam-engme and Other Heat-engines 8vci, 
Valve-j'enrs for btt nin-cngines Svo, 

Pmbody uiul Miller’s StLinn-hoilers Svo 

Pray'a Iwenly Years \tith the Indicator Large Svo, 

Pupln’s Miermodynoimcs of Reverhible Cycles in Gases and Saturated Vapors 


(Osti rb< rr ) 

Reagiin'*, F i>i oniotlvos Smiplp, Compound, and Electric 
Roiitpiii’s Principles of 1 liLrmodynnmict. (Du Bois ) 

Sinclair’s Locomotive Lngine Rtinnjnp and Management 
Smart's llnndhooli: of Engiii(.< i mg Laboratory Practice 
Snow’s Steiun-boiler Pricticc 
Spangler's Vnlvo pt irs 

Notes mi riiormodynamics 

Spangler, Grteno, utul Miirsluill’R Elements of Steara-cngineering 
Thursloii's Handy Fables 

Miiininl of the Steam-engine 
Part 1 - History btruetucc, and Theory 
Pint II —Design, Construction, and Operation 
ITanilhooIr of rngine and J3oiler T rials, and the Use of the I 
llir Proiiy Hraltt 
btutionnry Sli am tngmes 

bteinn-bniler Fscplobions in Theory and m Practice 


Wci&lmch’s Ikat, Sttani, and blcam-cngincs (Du Uois ) 

Whilluim's bfcani-muMiie 13 sign 

Wllson'ii lufttiT on Steam boih rs (I lather ) 

Wood'll 1 'icrmodyiiuinicb Heat IVIutors, and Refrigerating Machines 


laino 

izrao, 

Svo, 

r 2 mo, 

i 2 mo, 

Svo, 

Svo, 

r 2 mo, 

Svo, 

Svo 

2 vols Svo, r 


Svo, 

6 

OO 

Svo, 

6 

00 

or and 



Svo 

5 

OO 

Svo, 

2 

50 

1 2 mo 

T 

50 

in Svo, 

5 

OO 

Svo, 

5 

oo 

Svo. 

5 

OO 

iGmo, 

2 

50 

Svo. 

4 

oo 


MECHANICS AND MACHINERY. 


Ihirr’a Kmcniatn* <'1 ivinchincry 


Svo, 

2 

Rovay’s Strongtli of Materials und Ilieory of Structures 

Svo, 

7 50 

Chaso'R 1 he Art of Pattcrn-nmlcing 


1 2 mo. 

2 50 

Chorda! Exlrncta from I etters 


12 010, 

2 oo 

Church’s Ml i huincs of Engineering 


Svo, 

6 00 

Noic'i and Examples In Mechanics 


Svo, 

2 oo 

Coinpton'n First I cssons in Mulal^vt^orking 


i 2 mo. 

X 50 

Complou and I3e lirroodt’s Ihe Speed Lathe 


12010, 

1 SO 

Cromwi II's Iraniific nii loothed Gennhg 


T 2 mo, 

t 50 

FriaiiM* on Pells and Pulloya 


i2mrj, 

I SO 

Dana’s Fi xt hook of Meinentary flitechanlcs for 

the Use 

of Colleges and 


S( hoolu 


121110, 

T 50 

Dingey's Machinery Pattern Making 


i 2 mo. 

2 00 

Dredgi ’"i Ueronl of ihe 1 ransportation Exhibits 

Building 

of the World’s 


CoUuiihion Exposition of i8o3 

-tto, half morocco, 

5 00 

Uu Hoib’b Idementary Principles of Mechanics 




Vol I “Kirunuuics 


Svo, 

3 50 

Vol H Status 


Svo, 

4 oo 

Vol HI ' Kinetics 


Svo, 

3 50 

Mtchanica of LngiTiei ring Vol I 


Small 4 to, 

7 SO 

Vol IT 


Small 4 to, 

ro 00 

DurJey's Kineniatics of Machines 


. Svo, 

4 00 

Fitzgoriild's Uoston Machinist 


i6rao. 

T 00 

Flather's Dyni.mo meters, and the Measurement of Power 

x 2 mo, 

3 oo 

R( pe Driving 


. t 2 mo, 

2 00 

Goss's Locomotive Sparks 


. . . Svo, 

2 oo 
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Hair-^ Ear LunHcaiion * ' ^ 

i2mo, 

1 00 

Holly's Art ol Saw Filing 

iSmo 

7 S 

* Johnson’s Iheorctical Meclianics 

i2mo 

3 00 

Statics by Graphic and Algebraic Methods 

Svo. 

2 00 

Jones'*i M icliine Design 



Pan 1 —Kinematics of Machinery 

Svo, 

I 50 

Part II — Form, Strength, and Proportions of Parts 

Svo, 

3 00 

Kerr’s Power and Power Transmission 

Svo, 

2 00 

Lanza’s Applmi Mechanics 

S\ 0, 

7 50 

MacCord’s Kiiu matics, or. Practical Mechanism 

fe 0 

5 00 

Velocity Diagrams 

Svo 

1 SO 

Maurer's Technical Mechanics 

Svo, 

4 00 

Merrimnn’s lexi-hook on ilie Mcchanicfa of Materials 

Svo, 

4 00 

* Michie's Elements of Analytical Mechanics 

Svo, 

4 00 

Reagan's Locomotives Simple, Compound, and Electric 

i2rao, 

2 50 

Reid’s Course in Mechanical Drawing 

Svo, 

2 00 


Text-boolf of MechaniLal Drawing and Elementary Machine Design Svo, 3 00 
Richards’s Compressed Air i2mo, 1 50 

Robinson’s Principles of Mechanism Svo, 3 00 

Ryan, Norris, and Hoxie’s DlecLrical Machinery VoJ I Svo, 2 50 

Sinclair’s Locomoltve-engine Running and Management ijmo, 2 00 

Smith’s Press-working of Metals Svo, 3 00 

Materials of Machines i2mo, i 00 

Spangler, Greene, and Marshall’s Elements of Steara-engineering Svo, 3 00 

Thurston's Treatise on Friction and Lost Work m Machinery and Mill 

Work Svo, 3 00 

Animal as a Machine and Prime Motor, and the Laws of Energetics T2mo, i 00 
Warren's Elements of Machine Construction and Drawing Svo, 7 50 

Weisbach’s Kinematics and the Power of 1 ransmission (Herrmann — 

Klein ) Svo, 5 00 

Machinery of Transmis'iion and Governors (Herrmann — Klein ) Svo, 5 00 
Wood’s Elements of Analytical Mechanics Svo, 3 00 

Principles of Elementary Mechanics i2ino, r 25 

Turbines Svo, 2 50 

The World’s Columbian Exposition of 1893 ^ito, r 00 


METALLURGY. 

Egleston’s Metallurgy of Silver, Gold, and Mercury 
Vol I —Silver 
VoJ II —Gold and Mercury 
Iles’s Lead-smelting (Postage q^c^’niyifrdditiQnal ) 
Keep's Cast Iron 




Kunhardt’s Practice 0/ Ore DwS§^^^ ^ 

Le ChateUer's High-temperaturd measur^ij^nts (Boudouard- 
Metcalf’s Steel A Manual for Steel-users 
Smith’s Materials of Machines 

Thurston’s Materials of Engineering In Three Parts 
Part II — Iron and Steel 


Svo, 

Svo, 
i2mo, 

Svo, 

Svo, 

Burgess) i2mo,3 00 
i2mo, 2 00 
. i2mo, 

Svo, 

Svo, 


7 50 
7 50 
2 SO 
2 50 
1 50 


1 00 
8 00 
3 50 


Part ITI — A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constiluentb Svo, 2 50 

Dike's Modern Electrolytic Copper ReOning Svo, 3 00 


MINERALOGY. 

Barringer’s Description of Minerals of Commercial Value Oblong, morocco, 2 50 
Boyd's Resources of Southwest Virginia Svo 3 00 

Map of Southwest Virginia. Pocket-book form, 2 00 

U 



